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FOREWORD 


It  has  long  been  known  that  military  operations  in  the  vicinity  of 
dosert  mountains  are. subject  to  hazards  from  sudden  and  unexpected  floods. 
The  records  of  World  War  II  operations  in  North  Africa  contain  instances 
of  drowning,  damage  to  material*  and  obstruction  to  operations  as  a.  result., 
of  such  floods.  Little  has  been  known,  however,  concerning  the  relation¬ 
ship  between  degree  of  flooding  hazard  and  the  characteristics  of  the. 
catchment  area,  or  the  relative  safety  of  various  parts  of  the  alluvial 
fsns  at  the  base  of  a  desert  mountain  range. 


To  answer  some  of  the  questions  concerning  desert  flooding  hazards, 
a  research  contract  (DA19-129-QM-565)  was  negotiated  with  the  University 
of  California,  with  Dr.  John  E,  Kesseli,  Associate  Professor  of  Geography, 
as  Principal  Investigator.  The  University  maintains  a  high  altitude 
research  station  in  the  White  Mountains,  a  desert  mountain  range  on  ths 
California-Nevada  border,  and  makes  meteorological  observations  at  two 
stations  near  the  crest  of  the  range.  The  facilities  of  the  White 
Hountain  Research  Station,  the  height  of  the  range,  and  its  location  in  a 
settled,  arid  region,  made  the  White  Mountains  exceptionally  suitable  for 
a  study  of  flooding  conditions* 


An  assistaii:  investigator,  Mr,  Chester  B.  Beaty,  resided  in  the  are*, 
for  more  than  a  year,  studying  the  problem  from  the  climatological,  geo- 
morphological,  and  historical  aspects.  The  results  of  hi3  research  are 
presented  in  this  report.  All  maps  and  photographs  were  made  by  Hr.  Beaty, 
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DESERT  FLOOD  CONDITIONS  III  THE  WHITS  X0UN7AIN3,  CALIFORNIA  AMD  NEVADA 


INTRODUCTION 


l»  Purpose  of  study 

This  investigation  was  conducted  to  achieve  four  major  goals: 

a,  determine  the  intensity  ,wd  amount  of  rainfall  that  will  result 
in  flooding  in  desert  regions; 

b,  determine  the  frequency,  duration,  and  areal  extent  of  floods 
within  a  selected  are* 

c,  determine  the  effect  of  floods  upon  the  terrain  and  land 
utilization: 


d.  observe,  at  close  range,  the  behavior  of  floods  in  desert 
streams  and  record  their  obstructive  and  destructive  effects. 

2.  Choice  of  area 

The  four  goals  determined  the  choice  of  the  area  in  which  the  research 
was  carried  out. 
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gathering  original  data,  varied  means  were  chosen.  In  order  to  sup- 
recipltation  data -collected  at  climatic  stations  a  number  of  rain 
*  set  out  in  selected  locations  (indicated,  on  map  at  end  of  report) 
ed  after  every  rain  or  snowfall  from  September  1956  to  October  1957* 
d  of  these  observations  is  assembled  in  the  Appendix, 


VtRTftJt  t*  HORIYeMrtL- 


I  OwiUf 
VUHi/ 


“~"s  Sinassats 


■,%  ^*.:T t  •*  -’,  *£%• 

■  ,U>  \i 

‘,t'>«J/l‘''.V'''>vt 

•  ...»  -J  if.  ,  ,i  - 

V..'  :..%•:■'•■  ■;  -•  ••' 


£Liv,*r.*»  mm  ?u 


S“tt;rSa^hmnrm*',Mr  atr,lsh‘‘  tlw  north„rn  tMrt 


=.- £  MlS  ?ut2laMS|"d>  ‘l”  >«««•  of 

nnnt.  of  older  topographic  m“mm  ™  it*?1  ",h!ft?vlch  Fut-  These  res.- 


b.  Canyons 


Mountains^'^Thare^ar^somB^A1^^^  ^pa,Cotl  alon«  both  sidos  of  the  Whit,* 
Silver  Canyon  Jn  the  south  to  Quasi  (SXnThe*^  th  ^  *°3t  flank  froa 
of  canyon  flouths  hero  is  on  the  order^ ™n^to  twi  SfUclr« 

are  fewer  and  have  larger  catchnrnt  ;?  two  Major  caryona 

Mountains*  Worth  of  White  Mountain  Pe!k  on  tMs'ell  the  Whlt" 

are  only  seven  major  drainage  baalne-  !ld“  th*  rat1«e>  th#re 

mouths  is  four  to  five  milef.  '  average  spacing  of  thoir  canyon 
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of  extreme  physiograpMc  youtfL  *1™  th°  vi3Ual  JraPr«aion 

mountain  mass  are  relativSy  shallow  thff  th«Jr  hfva  carved*  into  the 
feet  per  mile,  and  bedrock  Is  „gr‘ *dler£9  ar®  hl8h»  up  to  2,000 

Major  east-side  drainages  generally  are  rt^MCVePv*!re  in  thelr  courses, 
dienta,  between  600  and  1,000  footer  i«n.1  by  much  gentler  gra- 

physiographically  speaking,  they  must  h^ln’  ^  1Sffier  CAtchment  areas; 
tarparts  on  the  west.  ’  7  1  ^  con3ida™blr  cider  than  their  coun. 


"fwddi.  l~*  Kdfil.  trpss. 


(a)  Falls  Creeks 


Profiles  of  trim**  canyons  of  drainage  systems  In  the  White 
Mountains  can  be  ground  into  two  contrasting  types:  (1)  the  Falls 
Creek  type,  steep  to  mouth  of  canyon;  and  (2)  the  Middle  Creek  type, 
steep  in  headwater" area  only  and  relatively  gentle  in  lower  main  canyon 
(Figure  A).  In  theparea,  gradients  of  the  Falls  Creek  profile  typo  range 
from  1,200  to  2,000  feet  per  mile  for  main  canyons,  and  the  excessive 
sieepnoss  of  the  trunk  canyon  floor  persists  to  the  fan  apex.  Gradients 
of  the  Middi'  Creek  type  are  high  in  tha  headwater  area,  up  to  1,500  feet 
per  mile,  but  lower  main  canyons  are  relatively  gentle,  with  gradients 
ranging  from  300  to  £00  feet  per  mile. 

Although  gradations  exist  between  the  two  types  in  the  White  Moun¬ 
tains,  valid  generalizations  can  be  made  concerning  their  ^real  distri¬ 
bution.  From  Milner  Creek  north  to  Morris  Creek  on  the  vest  side  of  the 
range,  all  canyon  profiles  are  of  the  Falls  Creek  type,  Queen  Canyon  in 
the  north  and  drainagei  south  of  Milr.er  Creek  on  the  west  flank  have 
Middle  Creet  type  profiles.  On  the  east  side  of  the  range,  all  major,’ 
drainage  systems  from  McAfee  Creek  to  Trail  Canyon  have  the  Middle  Creek 
type  or  profiia. 

'ispths  v,f  major  canyons  on  both  sides  of  tha  range  are  quite  re- 
srectdWo  Elevation  differences  of  2,500  to  3^000  feet  between  canyon 
floors  and  adjoining  interfluvial  ridge  crests  are  conmon.  Relief  is 
therefore  large,  not  only  between  the  main  crest  of  the  White  Mountains 
=.ni  adjacent  valleys,  but  on  the  dissected  flanks  oft.  e  mountain  mass 
as  veil. 


Alluvial  fans  along  the  west  flank  of  the  range  are  steep  and 
sharoly  delimited  in  their  upper  portions.  Their  lower  extensions  coa.- 
lescetoform  an  alluvial  apron  or  piedmont  alluvial  plain.  Soma  display 
excellent  evidence  of  recent  flooding.  The  belt  of  fans  .fringing  the 
western  front  Is  two  to  three  miles  wide  and  has  a.  height  of  600  to 
1,200  feet  from  fan  perimeters  to  apexes. 

Alluvial  fans  in  northern  Fish  Lake  Valley  measure  four  to  six 
miles  In  width  and  thus  are  larger  than  those  of  the  west  side.  Although 
elevation  differences  between  perimeters  and  apexes  are  similar  to  those 
of  the  west  side,  that  is,  from  600  to  1,200  feet,  the  greater  radial  ex¬ 
tent  of  the  east-side  fans  gives  them  in  general  much  gentler  slopes. 
Evidence  of  flooding  on  these  fans  is  much  less  conspicuous  than  that  on 
the  smaller,  steeper  fans  of  the  west  flank  of  the  range. 

Although  the  transition  from  fan  surface  to  bedrock  mountain  front 
rer.erally  is  abrupt,  narrow  tongues  or  fingers  of  alluvium  extend  into 
the  mountain  mass  above  fan  apexes  at  the  lower  ends  cf  several  drainage 
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*>n  either  ;i It!«  of  the  rw,e.  These  extensions  of  alluvium  »re 
ml  true  i.e "lin-front  eclnyswita  auch  «•..  have  oc-m  described  plder, 
lower  ranees  in  the  Mohave  Desert  and  elsewhere  (Davis,  1.3*),  since  th. 
contact  between  the  Vhtte  Mountains  an !  their  alluvial  aprons  is  generally 
straight  not  scalloped.  The  extensions  of  alluvium  into  the. mountain 
Stiu  w  «rtr  the  very  b.*U»tas  «t  t*  !“ru* 

orab'iym.ntss  th,y  occur,,.  only  t  ho  J1W.111T  wld.r. 

cmyons.  awl  the  transition  from  lower  canyons  to  the  fans  propel  is  still 

abrupt.  . 

Most  White  Mountain  fans  are  characterized  by  a  radial  channel  pat- 
-ern  diverging  outward  from  the  well-defined  apex  region.  channels 

•  re  fewer  flid  chanels.  The  active  channel  on  virtually  all  of  the  fa., 
ts  entrenched  below  the  general  fan  surface  for  at  least  half  of  its 
course  Average  denth  of  this  incisement  is  on  the  order  of  10  to  20  reet 
K»ar  fan  apexes  and  decreases  downs  lope.  Surface  morphology  on  theupper 
pa-ta  Jwt  fans  is  characterized  by  vigorous  micro-relief,  brought 
Jbout  bv  the  existence  of  alternate  ridges  and  channels,  extending. radi¬ 
ally  from,  apexes  to  one-third  to  one-half  of  the  way  down  the  fan  slope. 
Local  relief  on  the  upper  parts  of  fc^s  is  on  t..e  order  of  5  t  5  « 

Lower  f an  slopes  ir*  relatively  smooth,  although  a  few  widely  spaced  dry 
channels  create  locally  a  micro-relief  of  2  to  3  feet. 

Slopes  of  the  steecest  fans  along  the  west  flank  range  from  10  to  12 
degrees  near  apexes  to  2  or  3  degrees  in  peripheral  areas,  ^erage  a^er- 
nll  slope  of  vest-side  fans  amount’  *  .•  or  6  uegrees.  ^ast-side  fan 

generally  are  more  gentle.  The  steepest  fans  here  have  slopes  in  apex 
re^l^ns  of  7  to  9  degrees,  while  their  perimeters  often  approach  hori-on- 
t nitty.  Average  slope  of  all  east-side  fans  is  only  3  to  4  degrees. 

The  steepness  of  the  alluvial  fans  is  in  direct  relation  to  the 
steepness  of  the  mountain  canyons  providing  the  debris  cut  of  which  t  f 
are  constructed.  Since  fans  fringing  the  western  front,  of  the  range  ar 
being  built  by  shorter,  steeoer,  physiographically  younger  streams.,  they 
.are  accordingly  s teener  than  those  along  the  east  flanx. 

2.  Areal  neology 

a.  Major  rock  types 

Essential  features  of  the  surface  geology  are  indicated  on  Figure  5- 
Haslcallv  th«  ’ihite  Mountains  consist  of  a  granitic  core  flawed  by 
belt  of  sedimentary,  metnmorrhic,  and  volcanic  rocks.  The  granitic  core 
uSertto  tho  crosj’in  th,  northern  third  of  th.  rnnf ,  tat 
easier!*.*  than  the  crest  it  passes  onto  the  eastern  slope  farther  to  the 
south,  while  the  adjacent  r^est  and  the  western  flank  are  underlain  / 
met  amorphic  ard  sedimentary  locks. 


Of  specific  intarot  to  this  study  i»  the  bedrock  exposure  i»  each 
drainage  basin.  Major  valleys  in  the  northern  third  of  the  rang*  are  cut 
predominantly  in  granitoid  rocks.  Slopes  within  tha  mountains  in  these 
drainages  tend  to  be.  steep,  with  considerable  bedrock  erased.  Weathering 
along  Joint  planes  and  other  zones  of  weakness  within  tha  granitoid  masses 
produces  an  abundance  of  large,  coherent  blocks,  some  measuring  many  feet 
in  length.  In  the  southern  two-thirds  of  the  range,  drainage  basins  are- 
cut  dominantly  or  exclusively  in  metamorphic  and  sedimentary  rocks.  In 
general,  slopes  In  such  terrain  are  less  rugged,  with  fewer  bedrock  expo¬ 
sures  and  more  gentle  inclination.  Weathering  in  this  part  of  the  study 
area  produces  many  smaller  pieces  of  rock,  ranging  up  to  fist-sized  cob- 
!  les  and  only  occasional  blocks  1  or  2  feet  in  diameter,  in  marked  con¬ 
trast  to  tho  much  larger  number  and  size  of  blocks  in  the  granitic  areas 
to  the  north. 

b.  Effect  on  canyon  profile 

Thera  is  little  evidence  that  bedrock  differences  alone  within 
the  study  area  account  for  the  notable  differences  in  canyon  profile 
observed.  Steep  canyon  profiles  generally  are  associated  with  physio- 
graphically  younger  parts  of  the  rang,..  Wore  gentle  canyon  profiles,  of 
approximately  similar  shape,  occur  in  both  granitic  and  mefcsmiorphic- 
s'edimentary  terrains.  It  seems  more  likely  that  canyon  profile  variation* 
should  be  attributed  to  different  recont  diastrophio  activity  in  divers* 
parts  of  the  range  than  to  bedrock  differences  alone. 

c.  Effect  on  narrowness  of  canyon  oouthi 

The  mouths  of  three  west-side  drainage  systems.  Cottonwood  Canyon, 
Lone  Tree  Creek,  and  Milner  Creek,  are  cut  in  a  steeply  tilted  stratum  of 
particularly  resistant  quartzite.  The  inherent  toughness  of  this  rock  ha* 
resulted  in  the  creation  of  exceedingly  narrow,  gorge-like  stretches  of 
canyon  at  these  points.  These  carbon  "narrows1"  are  not  cannon  in  tho  Whit* 
Mountains;  other  drainages  on  both  sides  of  the  range  leave  it  in  moder¬ 
ately  broad  lever  canyon-  cut  in  other  rock  typos.  The  thre-e  west-side 
streams  are  unique  in  this  respect,  and  the  particular  morphology  of  their 
lower  trunk  canyons  and  canyon  moutna  has  been  a  determining  factor  in  th* 
behavior  of  higher  than  nonoal  runoff* 

d.  Effect  on  size  of  debris  injfana 

Marked  differences  exist  in  the  size  distribution  of  debris  in  fans 
built  by  streams  coming  from  areas  of  different  bedrock.  Fans  below  gran¬ 
itic  terrain  consist  of  sand,  cobbles,  and  numerous  blocks  cf  all  sizes, 
averaging  perhaps  1*  to  6  feet  across;  there  is  little  material  in  the  grav¬ 
el  range,  and  little,  if  any,  silt  and  clay.  Surfaces'  of  fans  built  of 
granitic  debris  usually  are  rough,  and  the  presence  of  occasional  blocks  of 
extreme  size  far  from  canycn  mouths  (Fig.  6)  invites  much  speculation. 
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Infiltration  rates  on  more  gentle  slopes  with  thicker  regollth  nr« 
considerably  higher  than  on  the  steeper,  practir»Uy  bare  slopes.  Thus, 
surface  runoff  from  met, amorphic  and  sedimentary  terrain  is  likely  to  be 
less,  for  a  given  mount  of  rain,  than  that  f rur  drainages  cut  oxclu- 
sively  In  granitic  rock  types, 


3..  Climate 


a.  Yearly  weather  summary 


Generally,  winters  are  wet  and  summers  dry  in  the  White  Mountains. 
Winter  precipitation  Is  associated  with  the  passage  of  cyclonic  storms 
which,  in  thoir  west  to  oast  course,  release  a  large  proportion  of  their 
moisture  over  the  Sierra  Nevada.  A3  a  result,  depth  of  winter  precipi¬ 
tation  is  normally  only  moderate  In  amount  in  the  White  Mountains,  evon 
at  higher  elevations. 


Daring  the  summer  months,  Kay  through  October,  occasional  thunder¬ 
storms  occur,  especially  over  the  higher  parts  of  the  region.  Thunder¬ 
storm  precipitation  is  sporadic,  both  in  time  and  place,  and  reliable 
records  of  intensities  and  absolute  totals  are  scarce. 


Temperatures  are  relatively  moderate  during  the  year  throughout  the 
area.  Wintertime  minima  are  occasionally  below  zero  and  summertime  max¬ 
ima  occasionally  exceed  100°F.  in  the  valleys  during  July  and  August,  but 
equable  sensible  temperatures  are  the  rule  in  all  seasons. 


Frequent  strong  northerly  and  southerly  surface  winds  occur  from 
time  to  time,  and  the  area  is  internationally  known  for  the  development 
of  the  "Sierra  Wave"  in  Owens  Valley  during  winter  months. 


b.  Climatic  averages 


In  Table  I  the  available  record  of  average  monthly  and  annual  tem¬ 
peratures  for  U.S.  Weather  bureau  stations  within  and  adjacent  to  the 
study  area  is  assembled,  and  in  Table  II  the,  corresponding  record  of 
precipitation  is  presented.  Location  of  the' we  ..her  stations  is  indi¬ 
cated  in  Figure  1.  Station  elevations  and  years  of  record  are  presented 
in  Table  III. 


Average  annual  precipitation  over  the  study  area  is  depicted  in 
Figure  7.  Precipitation  distribution  is  about  what  would  be  expected, 
that  is,  it  i*j  greater  at  the  higher  elevations.  Precipitation  distri¬ 
bution  in  the  northern  White  Mountains  had  to  be  estimated,  but  it  is 
felt  that  the  map  representation  is  reasonably  accurate.  Valley  resi¬ 
dents  on  both  sides  of  the  range  are  all  but  unanimous  in  their  assur¬ 
ances  that  the  part  of  the  range  between  White  Mountain  Peak  and 
Montgomery  Peak  receives  the  greatest  amount  of  winter  snow  and  the  most 
f-equer.t  summer  thunderstorms.  Personal  observations  during  the  contract 
period  terded  to  bear  out  at  least  the  former  part  of  this  contention 
"(see  Fig.  8), 
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TABLE  III 


Elevations  and  years  of  record  of  weather  station* 
within  and  , adjacent  to  the  study  area. 


Total  year* 

Elevation  of  record  Years  Operated 


Station 


Bishop 


Coaldale 


1903-1919 


Oasie  Ranch 


Deep  Spring  School  5.225 


Tonopah 


Candelaria 


Basalt 


White  Kt.  I 


12,470 


Whito  Kt.  II 
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Figure  7.  JUflrago  annual  precipitation 


rrFUVKTV^XT * rrr  vt-tt  -n%  ^  'w  *j-\  vrjt 


uunn  >£lST1ulnicrn*';  t,G  thi3  atu,ly  13  tho  distribution  Of  p  roc  I  pi - 
Vth  ?  ,'h  tho  yt>lir  irt  T,'iriou!1  pnrts  of  tha  region.  Apparently  the 

•1,3,.0J  an.Vt'nt\1r^n^JTidentlyt0!Cl;fl^  betwoon  th«  distribution  at 
il  1  v  i  3t^E-'ni5.eas5,  of  the  nrauntains.  Bishop  has  a  typi- 

,J llf?  I*  caa3U1  r««tnre  with  pronounced  summer  dryness/  The  other 
..tations  lack  an  obvious  aunamer  minimum,  and  summer  and' winter  precini’ta- 

¥h.  Jhe  nrea  f;13t.of  the  ^it0  Mountains  is  invaded  frenuontly  durin  * 
the  summer  months  by  moist  sir  from  the  Gulf  of  Mexico.  This  potentially 
unstable  air  is  at  times  a  prolific  source  of  thunderstorm  activity  the^ 
frequency  of  which  is  reflected  by  the  normal  precipitation  totals^for^ 

UirSVhX  r°U/!h  /vtoS-r  at  Tonopah  ftwi  0a3is  Manch,  Evidently 
}}.Z,?r  :;hi3  '■':lnn»  moist  *ir  normally  gets  across  the  hiith  barrier  or 
t he  .flilte  Mountains  and  into  Owens  Valley  and  areas  beyond,  to  the  Jest 

;“rb  r  t!rd?  °™  acUvitM  in  «»«  regions  is  dependent  In  ' 
importation  of  moist  Pacific  air,  and  the  general  circuStio“of^he  at- 

Trl^l aUmor  m'^thn  i3  aPPir°ntly  such  that  this  situation 
r  infrequently,  wast  of  the  mountains,  consequently,  summer 
thunderstorms  are  likely  to  produce  as  much  precipitation  as  weakened 
wintertime  cyclonic  stoma,  or  even  more.  weakened 

d*  Precipitation  extremies 

^  °C  £Ir3at,'r  interest  to  this  study  than  averages  or  normals  are 

pr ec i r i t atie^recorded1^ h w”"  T?Ue  17  r’h°V'3  the  i^nthly  total 

precipitation  recorded  at  the  various  weather  stations  thus  far.  At  all 

but  one  of  the  stations  listed  the  maxima  fall  into  the  winter  months 

t°^Srtod°c»fPiJ1‘  excftion»  Candelaria,  Is  not  only  remarkable’ for 
V £efiod  °f  its  maximum,  A'agust,  but  also  for  the  size  of  that  mairimrM 
which  is  exceeded  at  only  three  other  stations;  fnaxunics, 

f°r  Soma  of  th0  stations  the  maximum  2Wi our  pre<-in- 
itation  totals  for  each  month  during  an  approximate  decade.  Maximasrain 

show  ;  e?rinan  y  int°.thR  ^tei*  half-year,  but  Tonopah  and  Coaldale 
show  a  clear  summer  maximum.  Impressive  values  of  2/, -hour  precipitation 

ytl-  »l3“  ">*«•  »<■  0..1.  Itach,  Basalt^  5'mU  ” 
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within  and  adjacent^cTthe  atudy°Irea!  S^twITe-c^M '  Wcnthor  ?tritiori* 

s^sas? 

sSSSS^  - 

stations,  only  24-hour  totals.  nS  53  are  not  recortie<1  those 

Because  of  this  distribution  of  stations  it  is  not  at  *n  _ *  4 

*"  th.  w.  Si, “Hn 

h„vj  rain  during  thl  suSIr’iontlil  ta*U  CJlls  °f 

onon.  In  the  fast,  in  the  general  White  !  «  well-known  phenon- 

happened  that  .'Weather  stations  closest  to  ii  ha3  ottcn 

precipitation  have  received  Httle  or  no  r*i«3  5  heavy'  flood-producing 

ta  tak="  *  *S^'2yL."Jg,*?S  SLiaSSf 
tsx  SSSMS  \rsi- * 

S-SK^w-sar-SS^ 

as- 

recorded  only  0.02  inch  of  rain  that  the  flooded  area, 

nearby  must  have  been  much  more  severe.  '  th*  rain  in  the  nour,tai«a 

Again  in  August  1957,  minor  flooding  took  place  a.1  -  «5  f.j  -i 

fsiis.ii'sa  frr  mss* 

ouly  0.02  inch  of  rain  >aa  r,£L/th,™  tUt"^  “  °asaH' 

rainfXl'a”  ' ST  “|Cf  “ 

presented  in  Table  V  sliould  be  takrn  I*  mi  %  Extrcir‘e  precipitation  values 
from  any  given  frontal  atom  or 


figures  probably  am  much  more  re  present, at  We  of  average  or  nonn.nl  con¬ 
ditions  than  summertime  values,  but  personal  observations  during  the 
contract  period  Indicated  that  the  distribution  of, precipitation  even  in 
large  cyclonic  disturbances  was  far  from  unifora  over  the  area.  Under 
these  conditions,  chance  catches  of  rainfall  in  various  recoptacloa  be¬ 
come  of  importance  in  a  consideration  or  the  possible  precipitation  in¬ 
tensities  and  totals  that  may  to  attained, 

f .  Accidental  records  of  pre cl nit at Ion 

Numerous  estimates  of  extreme  thunderstorm  precipitation  in 
areas  contiguous  to  the  l/hite  Mountains  wore  obtained,  They  were  based 
on  catches  in  empty  watering  troughs,  wheelbarrows,  tubs,  pails,  and  sim¬ 
ilar  receptacles.  They  were  encountered  in  newspaper  reports  describing 
floods  in  the  Silver  Peak  Range,  Nevada;  near  Lone  Pine,  California,  in 
southern  0wen3  Valley;  the  Bodie,  California  area,  north  of  Mono  Lake; 
and  from  near  Laws,  California,  in  the  southern  part  of  the  study  area. 
With  but  one  exception,  to  be  discussed  below,  no  estimates  for  thunder¬ 
storm  precipitation  in  the  V/hite  Mountains  proper  could  be  found. 

The  figures  stated  indicate  totals  of  4  to  5  inches  in  a  period  of 
to  3  hours  for  individual  thunderstorms  that  happ*er,  to  have*  centered 
over  occupied  areas.  Short-time  intensities  during  such  heavy  storms  are 
difficult  to  estimate,  but  it  seems  probable  that  perhaps  as  much  as  2  to 
3  inches  may  have  fallen  In  on  hour  an  occasion,  -of  which  more  than  half 
fell  in  the  first  ?5  to  30  minutes,  corresponding  to  a  rate  of  4  or  5 
inches  per  hour  for  that  period. 

These  estimates  are  admittedly  crude  and  subject  to  come  degree  of 
error.  In  ^articular,  the  3hape3  of  the  receptiul us  for  these  accidental 
catches  varied  considerably,  and  depths  of  wr.U-r  in  the  bottoms  of  these 
may  well  not  have  reflected  accurately  the  total  depth  of  precipitation 
that  actually  fell  but  may  hs”e  exaggerated  the  amount  somewhat.  But 
until  a  heavy,  flood- producing  "ain  centers  on  one  of  Lhe  White  Mountain 
stations  It  will  not  be  possible  to  impro'e  upo-i  these  estimates. 

The  heaviest  precipitation  accurately  recorded  anywhere  within  the 
general  area  occurred  on  19  .July  1955  when  more  than  2  inches  of  rain  fell 
in  slightly  more  than  two  hours  on  Chi  a  .ovich  Fiat,  on  the  east  flank  of 
the  northern  White  Mountains  (Towel!,  D.  person  >1  Communication,  1957). 
Th  :atch  was  made  in  a  portable  rain  gag a.  It  was  purely  accidental; 
the  observer  happened  to  be  in  the  area,  happened  to  have  r»  portable  rain 
gage,  and  had  carried  it  to  the  Flat  on  the  chance  that -a  heavy  rain  might 


Mr.  Towoll  was  a  graduate  student  in  Geography,  University  of  California 


Mr-  Powell  rn  measurement  Indicates  that  reported-  valley  precipita¬ 
tion  catches  are  obviously  much  smaller  than  amounts  received  in  the 
mountains  from  most  atoms.  Totals  recorded  at  valley  stations  can  be 
taken  aa  minima,  and  in  most  cases  they  should  be  doubled  or  even  tri¬ 
pled  to  correspond  to  the  ,'robablo  mountain  rain. 


t.  Vegetation 


There  are  threo  well-defined  and  easily  recognizable  vegetation 
associations  within  the  study  area,  plus  an  Alpine  zone  of  relatively 
bare  regolith  above  timber  lino  in  the  high  White  Mountains, 


a.  Valley  shrubs 


Covering  all  of  the  valley  floors  and  alluvial  fans  and  extend¬ 
ing  into  the  mountains  themselves  for  a  short  distance  is  an  association 
of  Valley  .Shrubs,  The  total  number  of  species  is  great,  but  the  dominant 
plants  mako  up  a  comparatively  brief  list,  In  the  northern  lowlands  of 
the  area,  Great  Basin  sagebrush  (Artemisia  tridentata)  is  the  predominant 
plant,  with  minor  amounts  of  other  shrubs,  notably  joint  firs  (Eohedra 
spp.),  bittcrbru3h  (Purshla  tridentata).  and  various  buckwheats  (Eriogonura 
spp.).  Farther  south  in  the  valleys,  at  lower  elevations,  sagebrush  all. 
but  disappears :  here,  a  rather  extensive  mixture  of  shrubs  replaces  it: 
rabbit  brush  (Chrysothamrys  sp.},  salt  bush  (Atriglex  'spp. ),  greasewood 
(Sarcobatns  vermiculatus) -"hop  3age  (Grayla  apTnosa).  dalca  (Parosela  sn.). 
cotton  thorn  (Tetradymia  'spir.osa) .  and  other  lowland  plants.  This  vegetal 
association  blankets  valley  flats  and  alluvial  fans  and  gives  the  impres¬ 
sion  of  a  rather  continuous  cover  (Fig.  10).  However,  this  impression  is 
misleading.  There  is  no  development  of  a  turf  or  sod,  and  bare  ground  be¬ 
tween  plants  greatly  exceeds  the  portion  of  surface  actually  covered  or 
protected  by  vegetation. 


b,  Plnyon-Sagebrush 


The  Plnyon-Sagcbrush  association  extends  altitudinally  from 
approximately  6,000  feet  to  about  9,000  feet.  Most  of  the  intermediate 
slopes  of  the  White  Mountains  are  covered  by  this  association,  but  it 
should  not  be  thought  of  as  constituting  a  true  forest,  Plnyon  pine 
(Pinus  monophyllaj  and  Great  Basin  sagebrush  (Artemisia  tridentata)  are 
the  dominant  plants  in  this  association,  although  along  its  upper  border 
mountain  mahogany  (Cercocarnus  3p.)  and  Juniper  (Junlneru3  californica) 
locally  become  prominent.  Individual  trees  are  not  closely  spaced  In  the 
Pinyon-Sagebrush  zone,  although  here  and  there  small  patches  of  thick 
growth  may  occur.  Sagebrush  is  rather  uniformly  interspersed  among  the 
pines,  and  a  view  from  a  distance  provides  an  impression  of  more  or  less 
complete  ground  cover.  This,  however,  is  illusory;  bare  regolith  covers 
perhaps  A0  to  50  percent  of  the  total  area  within  this  type,  and  slopes 
are  by  no  means  protected  by  vegetation. 
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PART  II 

gnaomiM  IM  THE  WRITS  MOUNTAINS 


1 .  Recorded  floods  s.dince  1372 


a. 


Dourcos  of  jj^kTumatlon 

i 


Newspaper  fl-llmn  at  the  office  of  the  Chalfant  Press,  Bishop, 
California,  wore  conundlted  for  information  concerning  former  floods'. 

The  newspaper  record  gpes  back  to  1372,  but  a  few  years  are  missing 
during  the  early  part  rof  the  period.  It  can  hardly  bo  expected  that  all 
floods  taking  place  wiitt'hin  the  area  wcro  recorded  by  the  Journals  of  the 
timo.  Nevertheless,  ttihe  record  ns  hero  presented  is  believed  to  repre¬ 
sent  a  satisfactory  o.umple,  and  generalizations  derived  from  it  are  con¬ 
sidered  to  be  valid* 


When  possible,  lamal  residents  were  consulted  to  corroborate  news¬ 
paper  accounts  of  speoufic  floods  within  their  memories.  A  few  floods 
not  reported  in  the  prams  were  recalled  by  long-time  local  residents  of 
the  area,  and  four  of  tiihese  that  could  be  cross-checked  by  verification 
from  two  or  more  people;  were  added  to  the  newspaper  record. 


b.  Distribution  tin  time  during  period  1872-1907 


The  number  off  moods  per  year  mentioned  in  the  newspapers  dur¬ 
ing  this  period  is  shawm  graphically  in  Figures  12  and  13.  Figure  12  is 
based  on  all  recorded:  {floods,  a  total  of  179,  which  occurred  in  an  area 
bounded  by  lines  joining  Mono  Lake,  California;  Tor.opah,  Nevada;  Baker, 
California;  and  Mohave-,,  'California.  In  addition  to  the  White  Mountains, 
it  thus  includes  the  emrtern  slope  of  the  higli  Sierra  Nevada  south  of 
Mono  Lake  and  the  Death;  Galley  region,  as  well  as  part  of  the  Mohave 
Desert. 


The  number  of  flocii!3  per  year  during  the  historical  period  in  the 
White  Mountains  alone  tea  presented  in  Figure  13,  and  covers  a  total  of 
63  floods. 


Flooding  occurrences  in  the  ]  irger  area  were  investigated  to  see  if 
the  pattern  established!  for  the  White  Mountains  was  comparable  to  that 
prevailing  in  adjacent  -desert  regions  In  general,  the  distribution  in 
the  historical  period  am  well  as  the  seasonal  distribution  for  both  the 
larger  and  smaller  regxoms  display  marked  similarities. 


The  two  graphs  (Flirts.  12  and  13)  show  similar  trends  in  flooding 
occurrence;  the  most  nott-nblc  feature  is  the  remarkable  increase  in  re- 
oorted  floods  during  this  last  two  or  three  decades.  This  increase  coin¬ 
cides  with  a  general  increase  in  population  in  the  affocted  area,  an 
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Relative  *c-->rtty  of  floods  during  the  spring  months,  February,  t* 
Jprll,  Is  the  rrstl.  of  a  combination  of  circumstances.  Frontal  activ¬ 
ity  is  weakening  then;  average  daytime  temperatures  art*  too  low  for 
copious  snowmelt;  and  neteorologic  conditions  are  not  conducive  to  thun¬ 
derstorm  activity. 

Moderately  Swavy  rains,  of  frontal  origin,  are  not  uncomon  during 
the  fall  months,  ,'ctober  and  November,  but  usually  they  .are  accompanied 
by  snow  at  higher  elevations,  ard  sines-  the  infiltration  capacity  of  the 
mountain  soils  is  high  at  this  season  relatively  few  floods  have  occurred. 

In  general,  then,  floods  in  the  .area  can  be  arranged  into  three 
groups: 

(1)  Cloudburst  Flood,  occurring  almost  invariably  in 

sunnier* 

(2)  "be  Snowmelt  Flood,  taking  place  In  late-  spring  and  early 
surmer;  sometimes  augmented  by  thunderstorm  rainfall. 

(3)  The  Vintertime  Flood,  occurring  as  a  result  of  warn  rain 
on  snow,  rain  on  frozen  ground,  or  heavy  rain  in  the  lowlands  accompa¬ 
nied  by  snow  at  im.rh.er  elevations. 

Virtually  all  of  the  historic  floods  within  and  adjacent  to  the 
White  Mountains  cam.  be  assigned  to  one  of  these  three  classifications. 

d.  Areal  distribution  in  White  Mountains 

The  areal  distribution  of  recorded  and  observed  floods  in  and 
innedintely  adjacent  to  the  White  Mountains  during  the  period  1872-1957 
is  shown  on  Figure  15.  A  concentration  of  reported  floods  along  the 
west  front  of  the  range  is  conspicuous.  Metecrologic  factors  may  ac¬ 
count  for  this  concentration,  but  it  seems  likely  that  other  factors 
should  be  considered  primarily  responsible.  Today,  a  major  highway, 

U.S.  6,  leads  north  from  Rishop  along  the  mountains  and  over  Montgomery 
Pass;  during  the  period  1882-1941,  a  narrow -gage  railroad  traversed  this 
portion  of  the  areij  and  during  the  whole  period,  mining  activities  and 
settlement  have  b*em  concentrated  along  the  west  flank  of  the  range. 

Most  of  the  floors  reported  in  the  local  press  or  remembered  by  long¬ 
time  valley  rest  dents  occurred  along  the  highway  or  railroad,  or  in  or 
near  towns,  nines,  and  other  settled  localities. 

Long-time  v-ilLer  residents  have  expressed  the  opinion  that  more 
severe  thunderstorms  have  occurred  m  the  vicinity  of  Waite  Mountain 
Teak  than  along  earner  parts  of  the  crest  (Minneberry,  P.,  Fersonal  Com¬ 
munication,  193":  Frbinson,  D.,  Fersonal  Communication,  1957).  Person¬ 
nel  of  the  U.3.  'Weather  Bureau  station  at  Sishop  noted  that  the  White 


Mountain  Peak  sector  or  the  range  may  well  be  a  thunderstorm  ’’breeding 
^le»  E*»-  PeirforiAl  Communication,  1956).  It  is  certainly  tru* 
h  t^  in  recent  years  there  his  been  an  apparent  concentration  of  thun¬ 
der?  ,orm  activity  in  this  part  of  the  White  Mountains.  However,  Figure 
15  shows  a  rather  regular  distribution  of  floods  along  the  west  side  of 
■he  -range  with  only  a  slight  concentration  Ulow  the  Write  Mountain  Peak 
sector.  It  is  believed  that  over  the  ye=.i  ,  the  distribution  of  observed 
floods  will  show  concentration  and  lack  of  .oncentratfon  in  direct  rela- 
tin  to  the  density  of  settlement  and  the  frequency  of  travel,  on  the 
major  roads  of  an  area. 

« .  Major  floods 

i  ri  a  tTh°  s?riou?™33  of  *  Give«  fl°°d  la  a  purely  subjective  matter. 
lilt0*  is  serious  if  one's  house  is  swept  away,  or  one's  fields  are 
covered  wi.h  coarse  debris;  a  flood  is  serious  if  major  lines  of  commu- 

ara  ®ut*  or  if  h"'Jv'in  live3  ar*  lost.  But  morphologically  sig- 
J  floods  may  occur  in  unoccupied  areas  and  will  thus  be  ignored 
or  mentioned  only  very  briefly  in  the  local  press.  Consequently,  the 
seriousness  of  a  given  flood  frequently  is  difficult  to  determine,  es¬ 
pecially  many  years  after  the  event. 

Major  floods  are  indicated  in  the  graphs  of  Figures  12.  13.  and  1& 
These  were  considered  to  be  major  because  in  each  case  serious  damage  -was 
done  to  human  habitation,  other  structures,  or  main  lines  of  coranunica- 

ofThi  Z  were The  seriousness  of  the  great  majority 

f  the  reported  floods  could  not  be  determined  satisfactorily  from  a 

thG  new3p'\Ppr  amounts,  and  it  is  possible  that  more  major 
Hoods  have  occurred  than  are  shown  in  the  graphs. 

distribution  of  major  floods  in  time  and  throughout  the  year  is 
of  interest  In  general,  the  number  of  reported  major  floods  shoJTV 
SST?!  „ln  thf  ■““'•.fir  of  tho  histori col  poriod,  correspond^,.?, 
°^Pfcted,  to  the  increase  in  population  in  the  area.  In  the 

ul!Cnv  fainS  a*°?e>  *owver*  mJor  floods  appear  to  have  been  more  or 
less  evenly  spaced  In  time  during  the  historical  period, 

A  concentration  of  major  floods  in  the  summer  months  is  very  evi- 

P3:tiC?larly  f7  1dr*ep  ,’irna  fnr  whic,h  data  are  available.  ' 

’  "ot.on,l{  cloudburst  floods  numerically  most  important  in  and 

tive  This  K?  h  H°U"U1"3'  but  oTte"  haVB  be®»  destruc- 

S'  This  has  been  notably  true  along  the  southern  part  of  the  eastern 

Sierra  Nevada  slope,  along  which  are  located  a  federal  highway,  a  rail- 
thfentiJe  a«a°3  ^  ^'--dnzt •  tat  the  fianebal  trend  prevails  over 


*i*v 

■  v‘S 

M 

tx'A 

m 

ra 

V 

$ 

•A-/ 


31 


AL'hC*.  I  nnCHCHK  ‘ri.'l! 


PLOOOt  WtTNIH 
^TU9V  A «»fc 
DUftiu*  MinTome 

p\*iod 

I  t  M  P  1  Ulkl| 


V 


JlkVtl 
PftAK 
RAK(f  ft 


fel^HOP 


f.  Flood  damage 

By  far  tho  moat  frequent  typo  of  damage  reported  in  the  news¬ 
papers  has  been  debris  across  or  washing  out  of  highways.  Major  roads 
within  the  region  have  been  built  on  alluvial  fans  fringing  mountain 
masses,  and  secondary  roads  loading  into  the  ranges  almost  invariably 
are  in  canyon-floor- locations  over  at  least  part  of  their  length.  In 
both  cases  Hooding  has  caused  damage .  Often  tho  reported  damage  has 
been  no  more  than  a  thin  film  of  cobbles  ami  finer  material  covering 
short  stretches  of  roadway  crossing  normally  dry  channels.  Hailroad 
washouts  have  sometimes  been  more  sorious  in  that  sevoral  hundred  feet 
of  rained  roadbed  on  fan  surfaces  ha3  been  carried  away,  Secondary 
canyon-floor  road3  within  the  mountains  have  often  suffered  damage  and 
occasionally  have  been  destroyed  for  thousands  of  feet. 

Damage  to  structures  and  cultivated  land  within  the  area  has  been 
relatively  limited.  Most  of  tho  farm  land  is  not  on  alluvial  fans  but 
on  flatter  areas  at  their  lower  margins,  and  only  infrequently  have 
cultivated  acres  been  damaged  severely  by  floods  issuing  from  the  moun¬ 
tains.  Secondary  damages  to  farms  and  ranches  have  come  about  as  a  re¬ 
sult  of-  the  destruction  oT  canyon-mouth  intakes  for  irrigation  systems* 
and  it  has  thus  occasionally  happened  that  ranches  h..ve  been  without 
water  for  a  week  or  more  during  critical  periods  of  the  growing  season. 

Small-scale  mining  has  been  carried  out  in  the  past,  in  most  of  the 
Witte  Mountain  drainages;  occasionally  cabins  and  out -buildings  on  can¬ 
yon  floors  have  been  swept  away  by  a  flood.  3ut  very  few  miners  or  res¬ 
idents  have  been  so  foolish  as  to  put  buildings  ill  locations  of  such 
obvious  flooding  danger. 

g.  Duration  of  floods 


Normally,  flooding  as  a  result  of  summertime  cloudbursts  is  a 
comparatively  brief  phenomenon-  Thunderstorm  ram  of  flood-producing 
intensity  rarely  has  lasted  more  than  two  or  throe  hours;  usually  the 
heaviest  precipitation  has  been  of  little  more  than  an  hour's  duration. 
Actual  flooding  may  take  place  ir.  no  more  than  /,Q  or  50  minutes,  that  is, 
as  a  typical  flash  flood.  The  high  water  crest  with  its  mobile  debris 
surges  down  the  main  channel  within  the  maintains  and  out  onto  the  fan 
surface  relatively  shortly  after  tne  heavy  rain  has  falHn.  After  such 
an  outburst,  higher  than  normal  water  flow  may  continue  in  the  affected 
drainage  for  to  IS  hours  Thunderstorms  can  deliver  water  to  catch¬ 
ment  areas  at  rates  greatly  exceeding  infiltration  capai ities  of  water¬ 
sheds;  overland  f’"w  then  quickly  develops  and  runoff  may  be  rapidly 
concentrated  into  the  main  canyon  of  the  drainage  basin. 

Flooding  from  snowmelt  runoff  is  usually  of  longer  duration  and  of 
correspondingly  lesser  intensity  It  commonly  may  last  for  about  a  week 
or  ten  days.  Flood  danger  is  stated  to  be  particularly  great  in  late 
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nftPrnoon  or  evening.  Observations  of  a  snowmelt  flood  period,  made  in 
June  1957,  nro  discussed  In  a  later  section  of  thin  report.  Rato  of  snow¬ 
melt  runoff  ia  affected  directly  by  maximum  dally  temperatures,  and  great 
daily  variations  of  anowmelt  discharge  have  been  experienced  whenever 
vCmp9ivit,urfl  fluctuations  from  day  to  day  wore  largo* 

.  ^lntort|ra«  flooding  na  a  result. of  prolonged  frontal  rains  usually 

a  /heno™e"ot,i  areata  nomnlly  have  been  reached  only 

a  .perlod  of  of  heavy  precipitation.  High  discharge  in  the  * 

creeka  haa  usually  lasted  for  two  to  fjur  days.  Minor  crests  in  smaller 
individual  at  'earns  within  the  mountains  may  occur  as  a  result  of  tempo¬ 
rary  landslide  damming.  It  lias  only  been  during  periods  of  pro’.onged° 

r,1nnfYi }  th,lt  aatu^lon  of  soils  h«  been  sufficiently  deep  to 
promote  l..ndsliding  as  an  additional  cause  of  severe  flooding. 

h.  Frequency  of  flooding 

f  3ubJect*VG  estimate  of  flooding  frequency  within  the  White 
Mountains  alone,,  based  upon  the  newspaper  record,  gives  six  to  eight 

^  wSrrCr»(  eGa^8>  °f  Whi°h  °n*  t0  threa  c,-in  b®  classified  as  seripus 
S*  These  estimates  are  undoubtedly  low,  as  all  floods  very 
probably  have  not  been  recorded.  The  same  frequencies  seem  to  hold  true 
for  areas  of  riimilar  size  in  the  general  desert  region  of  southeastern 
California  and  southwestern  Nevada.  For  the  area  as  a  whole,  the  flolld 
frequencies  are  greater  since  they  are  the  result  of  the  sunmation  of 
the  floods  in  the  smaller  areas. 

.  evJde?ce  of  the  cyclical  occurrence  of  floods  is  to  be  found 

in  the  historical  record.  As  noted,  the  marked  increase  in  the  number 
f  reported  floods  in  the  last  three  decades  can  probably  be  traced  dir¬ 
ectly  to  an  increase  in  population  in  the  area  and  not  to  identifiable 
meteorologic  factors.  Wet  years  follow  dry  years  in  the  study  area,  but 
flooding  occurrence  remains  sporadic  and  unpredictable. 

Floods  of  the  last  decade 

More  definite  information  concerning  floods  in  the  White  Mountains 
is  available  for  the  last  decade,  A  few  eyewitnesses  were  located  who 
remembered  three  major  flood  years  quite  vividly.  In  one  of  these  the 
floods  were  of  such  intensity  that  they  left  prominent  morphologic  evi¬ 
dence  which,  in  conjunction  with  the  eyewitness  accuunts,  permits  a 
satisfactory  reconstruction  of  the  events.  Horplnlogic  evidence  from 
the  more  recent  (loods  is  less  satisfactory,  but  :  t  is  sufficient  to 
allow  a  reasonable  reconstruction  to  be  made, 

a.  The  floods  of  ?6  July  1952 

Heavy  thunderstorm  rain  on  that  date  caused  flooding  in  four 
canyons  of  the  White  Mountains,  of  which  three,  Milner  Creek,  Lone 


J,Su<S>ffc?!IW02d  Cnnyon>  are  on  th»  west  flnr.lt  of  the  ran** 
roil.rth>  Loidy  Cr-aelt,  drains  the  eastern  flank.  All  four  head 
nV  «h  st  f  tbe  range  near  V.Ulto  Mountain  Peak,  and,  accord! 

1C SaJoS!j.m,i,l0nt0' fl00d9d """* *  W'S 


(1)  Precipitation 


Exceedingly  heavy  rains  fell  along  tho  croat  nr  « 

is:  ttzsssjrtt 

3tati°n  r',"'r'1"1  *  2'‘-ta'lr  totnl  °f  0-33  inch  IVltV In 


fa"cherf  ln  Upper  0wen3  Valley  who  observed  the  heavy  rain3  in  the 

intensitiee.  The  rain. was  heavy  enough  -so  that  we  couL  n-t  see  th! 
bulk  of  the  mountains  for  an  hour  or  so-  {Symons  5  Jr 
municat  ion,  1956),  but  no  estimates  of  actu.il  totals 'are ’available  °°~ 
V^eV*r. tho  botal  durlnE  the  two-hour  period  of  maximum  precipitation 
tL  w  have.been  times  the  0.33  inch  received  at  White  Mountain**! 

the  Srt.r'S  SS  {£££"*  t0  th=  ™*e  ^  »  "■!„  fell  on  ' 


(2)  Flooding  in  Milner  Creek,  Lone  Tree  Cr^t,  and 
Cottonwood  Canvon  — 1 - - 


gethor  a-  it  wa*  Ar  '  £loodin6 ,of  t;eae  drainages  can  be  considered  to- 
of  the  same  type  in  all  three  streams.  Tho  similar- 
ities  in  basin  morphology  and  geology  of  the  three  s-stems  !,i 

probability  responsible  for  the  similarities  in  resulting  floods.  U 


accounts 


^our  eyewitnesses  of  tho  floods  from  Milner  Creek 
Lone  Tree  Cree<,  and  Cottonwcod  Canyon  were  located.  Two  of  these  ore’ 
vided  relatively  valuable  information  concerning  flooding  on  W  "Soften 
wood  Canyon  and  Lono  Tree  Creek  alluvial  fans,  the  othe!  t™  Eh  i™ 
informative  evidence  regarding  Milner  Creek  and  its  fan.  d  1 


.Tl10  w*tnef,3es  of  the  Cottonwood  Canyon  and  Lone  Tree  Creek  flood* 

=•!“?•  Jrv  ror  “»  «"b»rt  c,,hb,»i  S' \h.  Si. 

t)  were  stockmen  whose  ranches  are  located  on  <\an  m/iivm*  f--n  tr  m 
miles  from  the  canyon  mouths  (see  Figures  16  and  17).  ?££  these 
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Figure  16.  Hap  of  Cottonwool  Canyon  fan  showing  deposits 
of  1952  flood  and  location  of  Symons  ranch.  Traced  fro* 
an  aorlal  photograph  taken  In  1954. 
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figure  17.  Map  of  Lone  Tree  Creek  fan  stewing  deposita  of 
1952  flood  and  location  of  Cashbaugh  ranch.  Traced  fron  an 
aerial  photograph  taken  in  195*. 


ranches  almost  the  whole  extent  of  the  nearby  fans  la  visible.  On  the 
Cottonwood  Canyon  fan  the  flood  [passed  over  Kr.  Symons*  ranch  and-oir  the 
Lone  tree  Cree’<  fan  it  passed  within  half  a  Rnv  of  Hr.  Cashbaugh’s  ranch. 

The  witnesses  of  the  Milner  Creek  flood  were  on  a  ranch  froa  which 
the  couth  of  Kilner  Creek  canyon  is  not  visible  and  from  which  only  part 
of  the  Tan  can  be  seen.  Consequently,  their  observations  serve  only  to 
corroborate  parts  of  the  evidence  given  by  the  belter-situated  observers. 

The  combined  testimony  of  all  -of  the  witnesses  leads  to  the  following 
reconstruction  of  events  on  the  fans: 

1  Approximately  two  hours  after  the  heaviest  rain 
in  th*  r?our«tainn,  ih^t  iSj  abomt*  2800  hours 9  loud  ntTiblin/j  and  roar— 
inq  noises  were  heard  apparently  emianafcing  from  the  lower-canyons  of  the 
affected  drainages.  It  was  agreed  by  all  observers  that  these  noises 
were  not  thunder  since  the  storm  had  already  abated  by  that  tic*. 

2  About  one-half  hour  after  the  rumbling  noises  in 
the  canyons  were  heard,  tongues  of -debris  were  seen  advancing  dovnslope 
on  the  upper  parts  of  the  fans  of  Cottonwood  Canyon  and  Lone  Tree  Creek. 
The  debris  from  a  distance  of  abauit  one  mile  had  the  appearance  of  a 
moving  rampart  or  wall  of  boulder*  and  mud  a  few  feet  high,  without  vis¬ 
ible  water  (W.  Symons). 

2.  The  moving  -debris  was  preceded  and  accompanied 
by  a  low,  rolling,  transluscent  cloud  of  dust,  which  presumably  was 
thrown  up  from  the  dry  fan  surface  -as  the  viscous  material  advanced  down- 
slope  (R.  Cashbaugh). 

4  The  material  moved  dovnslope  in  a  series  of 
wave; ,  or  surges,  each  succeeding  wave  apparently  overtaking  the  pre¬ 
ceding  one  and  advancing  farther  down  the  fan  surface  (if.  Symons).  The 
advancing  tongues  of  debris  tended  tto  foll-Tw  the  stream  channels  until 
these  shallowed  on  the  lower  parts  -of  the  fans.  Here,  the  debris  spread 
out  and  assumed  the  form  of  broad,  thin,  discontinuous  sheets  of  mud 
(W.  Symons  and  R.  Cashbaugh). 

2  The  debris,  flows  on  the  fin3  were  accompanied  by 
noisec  likened  by  one  of  the  observers  to  "the  sound  of  a  thousand 
freight  cars  bumping  together  simultaneously"  (R.  Cashbaugh).  Presumably 
the  noise  came  from  the  pounding  together  of  boulders  in  the  flows. 

6  7ne  material  was  moving  over  the  lower,  core 
gentle  part  of  the  Cottonwood  Canyon  fan  at  a  speed  estimated  to  have 
been  "about  as. fast  as  a  man  could  -dog-trot,"  perhaps  LOO  to  600  feet  per 
minute.  Pa  this  part  of  the  fan  the  moving  mass  was  about  1  to  2  feet 
thick  and  seemed  to  have  greater  fluidity  than  it  possessed  when  first 
observed  on  the  upper  part  of  th*  fan  (W.  Symons:  by  this  time  the  flow 


?lgur»  13.  Profile*  of  trurJe  CAr^cns  of  Cottonvood  Canyon 
ton*  Tree  Creek,  and  Milner  Creek. 
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thl  of,hifl  rnnch  30  M»fc  he  vu  in  nn  excellent, 
position  to  make  thin  close-range  observation)* 


-  _  „  ,  M  1  T}!9  dobris  flown  on  the  Cottonwood  Canyon  and 

H  CalhbauSjf  f<IM  lR3Le,i  about  '*5  mirmU3  to  ono  hour  (»•  Symons  and 


_  ,  2  After  the  deoris  flows  had  come  to  rest  Mrh 
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,  u  i>  ,  “  ^°P°3ition  of  3  to  10  inches  of  silt  on  parts  of 

<Sl.&S.mb  reS  from  thl3  high  water  from  Cottonwood  cSnyon 


.  ,The  wli„t,nMSe3  of  the  Milnar  Creek  flood  heard  loud  rumbling  noises 
in  lower  Milner  Canyon.  Some  time  afterward  they  drovo  to  the  mouth  of 
the  canyon  to  check  a  pipeline,  but  by  the  time  they  reached  that local- 

to  an  ^nrt  d®po3itior>  °"  th<f  UP-,W  Pai*fc  of  the  Milner  Creek  fan  had  com* 
to  nn  end,  and  masses  of  primarily  muddy  water  were  then  rushing  out  of 
the  canyon,  High  water  flow  here  continued  for  approximately  hou^ 

after  the  occurrence  of  the  debris  flow.  This  testimony  thus  reinforces 
that  of  Mr.  Coahbaugh  and  Mr.  Symons,  reinrorcea 


^  Unfortunately,  no  witnesses  could  be  located  who  had  observed  events 
p*'lce  W1^h^n,  t!3e  mountain  canyons.  Consequently,  the  behavior  of 


(b)  Observed  morphologic  effects 


*  .  .  ...  Morphologies  of  the  drainage  basins.  The  three  creeks 

J1*?'  pn  ihc  i  ^e3t  FirL  °l  u,e  ran«eJ  tha  area  adjacent  to  White  Moun- 
tain  Peak.  Their average  gradients  are  among  the  steepest  in  the  ran** 
amounting  to  1,200  to  1,600  feet  per  mile  (Fig.  IS).  Si  a„  cut  2!’ 
rily  in  metamorphio  terrain  which  provides  abundant  debris  of  easily 
transportable  sizes.  All  three  exhibit  an  extrema  narrowing  of  the^ 
lower  trunk  canyon  at  or  above  the  canyon  mouth  (Fig.  19),  which  i!  cut 
into  a  particularly  resistant  red  quarter.  At  their  nirowSt  the» 
canyons  are  no  more  than  20  or  30  feet  across  on  their  floo^.  These 
ofni952!ti0n5  eXert°d  4  doclded  influence  on  the  behavior  of  the  floods 


Morphologic  evidence  and  effects  in  canyons.  Since  no 
°f.  the  fi°od3  in  the  canyons  could  be  found,  a  reconstruction 
‘  "St  b°  b,S”‘l  pri""rny  upo"  tha 
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Figure  19.  Milnar  Creek  bedrock  .narrows  and  dam 
at  foot  of  lower  falls .  Men  on  dam  give  scale. 


Some  idea  of  the  depth,  of  mobile  debris  in  the  various  canyons  during 
the  floods  was  gained  from  am  examination  of  lower  canyon  walls.  Patches 
of  mud  and  cobbles  were  found  40  to  60  feet  above  present  canyon  floors  in 
all  three  drainage  systems,,  Indicating  that  depths  of  debris  and  water  of 
at  least  40  to  50  feet  were  .-attained  at  several  locations.  Only  at  partic¬ 
ularly  narrow  parts  of  the  car yens  and  at  canyon  mouths,  however,  did  such 
depths  of  material  accumulate;,  and  it  Is  certainly  not  implied  that  at  the 
height  of  the  floods  there  w^re  continuous:  rnnssna  of  viscous  debris  of  this 
thickness  flowing  through  lower  canyons. 

Evidently  temporary  dnmifl  were  formed  at  the  canyon  constrictions, 
building  up  behind  piles  of  larger  boulders  and  tree  trunks.  Temporary 
damming  at  canyon  narrows  ham-  been  noted  elsewhere,  particularly  in  drain¬ 
ages  along  the  Wasatch  front  In  Utah  (Pack,  1923),  on  the  southern  flank 
of  the  San  Gabriel  Mountains  in  southern  California  (Taylor,  1934;  Krumbeln, 
1942),  and  on  the  northern  slide  of  the  San  Gabriel  Mountains  (Sharp  and 
f.'obles,  1953).  It  is  logical!  to  assume  that  damming  of  some  sort  during 
flooding  would  take  place  in-  any  drainage  system  characterized  by  extreme 
constrictions  in  its  trunk  eaaayon. 


Collapse  of  tho  damn  ■  from  below  or  downcutting;  from  the  top  pre¬ 
sumably  r-'Toasod  surges  of  debris  and  water  intermittently,  and  the 
movement  of  material  down-canyon  and- ■onto''  fan  surfaces  must  have  been 
far  from  uniform.  Testimony  of  rnnchars  in  Upper  Owens  Valley. indi¬ 
cates  tirt  debris  movement  on  fans  was  apparently  conditioned  by  Its 
intermittent  release  from  canyon  mouths,  and  the  prnnonce  of  mud  patches 
h  1  r»h  on  tlic  walls  of  the  canyons  at  and  immediately  above  the  canyon 
mouths  .argues  strongly  for  the  postulated  sequence  of  events,  that  is, 
the  formation  and  collapse  of  temporary  dams,  at  least  at  the  narrowest 
sites, 

Depths  of  mobile  debris  in  stretches  of  ennyon  between  constrict¬ 
ions  wore  evidently  much  more  moderate.  Judging  from  traces  of  mud  and 
cobbles  along  these  sections  of  the  canyons,  they  averaged  perhaps  S?  to 
10  '  "t  in  the  lower  sectors  of  .all  three  streams. 

The  consistency  of  the  material  during  the  floods  Is  problematical, 
but  the  debris  remnants  are  now  well  solidified  and  resemble  concrete, 
with  gravel,  cobbles,  and  smaller  boulders  set  in  a  well-cemented  matrix 
of  sand  and  finer  material.  The  heterogeneous  distribution  of  debris  of 
all  sizes  in  these  remnants  indicates  lack  of  sorting  by  running  water 
and  suggests  that  the  material  moved  in  the  form  of  a  well-wetted,  co¬ 
herent  mass  of  mixed  debris,  that  is,  a  mixturo  of  mud  and  boulders. 

The  flowing  debris  must  have  had  the  appearance  of  the  material  of  the 
Wrightwood,  California,  mud  flow,  which  was  described  a3  resembling 
"freshly  mixed  concrete"  (Sharp  and  Nobles,  1953)* 

The  source  areas  for  the  debris  which  left  its  marks  scores  of  feet 
above  canyon  floors  at  constrictions  are  somewhat  conjectural.  All  three 
crenks  are  today  flowing  on  or  very  close  to  bedrock  for  most  of  the 
length  of  their  trunk  canyons.  Also,  in  each  drainage  system  one  of  the 
headwater  branches  is  characterized  by  flow  on  or  near  bedrock,  while  ad¬ 
jacent  headwater  branches  are  alluvium-floored  and  display  clumps  of 
smaller  vegetation  which  must  pre-date  the  heavy  rains  of  1952  since  they 
in  no  way  differ  from  the  shrubs  on  adjoining  canyon  walls.  Obviously 
the  bare  rock  branches  must  have  been  cleared  of  debris  relatively  re¬ 
cently  and  appear  to  have  been  the  sources  of  the  debris  flows  of  1952. 

In  the  headwater  areas  there  is  no  evidence  of  landsliding  as  a 
source  of  debris  during  these  floods;  there  are  no  fresh  landslide  scars 
on  slopes,  nor  are  there  remnant 3  of  debris  tongues  or  lobes  on  tributary 
or  trunk  canyon  floors. 

There  is  no  morphologic  evidence  at  the  junction  of  tributary  can¬ 
yons  with  their  trunk  canyons  to  indicate  that  tributary  canyons  contrib¬ 
uted  any  notable  amounts  of  debris  to  the  floors  of  tho  main  canyons  dur¬ 
ing  the  floods.  The  floors  of  tho  tributary  canyons  still  have  a  con¬ 
tinuous  alluvial  cover  and  support  patches  of  vegetation  similar  to  that 
e rowing  on  adjacent  slopes, 


®°Jlcll,“lQn  Is  a13-  but  inescapable  that  the  bulk  of 
dflbria  Involved  in  these  Hoods  came  from  the  floors  of  the  trunk 
yona  and  from  one  of  the  upper  branches  of  each  system.  ■ 

n^VVXCOlUni  ovldo,,ce  °r  the  removal  of  debris  fron  th« 

clnn*  Sdni  ::anrn,°5  °ne  of  th«  drainage  systems,  Cottonwc 
Canyon.  Today,  a  stand  of  dead  cottonwood  trees  occupies  matched 

riTiW.®  ^  15 1° ® «“2rs 

in  the  lower  half-mile  of  canyon  (Fig.  20).  Prior  to  1952  these 
were  green  and  were  growing  on  a  flat  extending  completely’across 
lower  canyon;  the  creek  then  occupied  a  ahaTlnJ  _ 


Figure  20.  View  looking  downstroara  Just  above 
Canyon  showing  dead  trees  on  terrace?  formed  b- 
of  cut  at  this  point  ia  about  15  feet. 


creeYbed  hns  subsequently  caused  the  death  <C'f  tho  truesr  on  the  terraces', 
as  their  root  systems  no  longer  can  tap  groutnd  water  or  water  Trom  the 
stream  itself. 

In  the  other  two  drainages,  Milner  Creellc  und  Lone  Tree  Creek,  narrow 
terrace  remnants  are  present  for  more  than  m  male  above  the  mouths  of  the 
canyons,  but  their  formation  cannot  bo  dated!  'by  oyo-witnoss  accounts. 

They  stand  5  to  10  feet  above  tho  creek  Irnttcmis  anil  indicate  a  reennt  re¬ 
moval  of  debris  to  this  depth.  In  analogy  .mAh  tho  well-dated  removal  of 
debris  in  lower  Cottonwood  Canyon,  it  is  populated  that  all  or  tho  major 
part  of  the  removal  in  Milner  Creek  and  Lone  Tree  Crook  was  accomplished 
•?  tho  floods  of  1952. 

Following  pavement  of  debris  on  trunk  ca-ryon  floors,  high  water  flow 
continued  for  some  time.  Presumably  this  hi,£h  water  removed  some  of  the 
material  remaining  on  canyon  floors  after  the  debris  flow3  had  passed, 
but  it  is  Impossible  to  deturmiro  how  much  auiluvium  may  have  been  shifted 
onto  the  fans  in  this  manner. 

In  summary,  then,  the  major  morphologic  (effect  of  the  floods  in 
those  drainage  systems,  as  inferred  from  the-  ."available  morphologic  evi¬ 
dence,  was  the  removal  of  five  to  ten  and  in.  places  20  feet  of  alluvial 
and  colluvial  fill  from  the  floors  of  the  truirik  canyons,  leaving  the 
streams  today  flowing  in  bedrock  channels  owr  much  of  their  course. 

Morphologic  evidence  and  effects  on  fans.  Two  major 
morphologic  effects  were-brought  about  on  this  fans  by  the  floods  of  1952, 
the  addition  of  debris  to  fan  surfaces  and  the  deepening  of  active  chan¬ 
nels,  Evidence  of  the  former  is  much  more  conspicuous,  and  the  present 
surface  morphology  of  all  of  the  fan3  is  ch, rasterized  by  tho  still- 
recognizable  deposits  of  the  floods  (Figs.  21  and  22).  Evidence  of  chan¬ 
nel  deepening  is  ’-inch  les3  obvious,  but  estxmr.tes  by  local  residents  and 
field  examinations  indicate  that  some  lowering  of  channel  floors  took 
place  during  the  floods. 

Debris  deposition  on  each  of  the  fins  writ!,  in  the  form  of  a  long, 
relatively  narrow  strip  of  material  extending;  radially  from  the  apex  to 
near  the  margin  (Figs.  16,  17,  and  23).  The  flowing  debris  masses  fol¬ 
lowed  the  pre-existent  active  channel  on  each  fan. 

On  the  upper  thirds  of  the  fans  the  decerns  was  genor  ally  confined 
within  the  pre-existent  active  channels,  whicih  had  a  depth  of  10  to  15 
feet.  The  average  width  of  the  debris  flows  here  was  about  100  to  150 
feet.  In  a  few  places,  however,  debris  overtopped  channel  walls,  and 
short  tongues  or  fingers  of  material  spreai  diagonally  away  from  tho 
main  debrts  masses.  The  largest  of  these  tongues  spilled  out  of  the 
active  channel  near  the  apex  of  the  Lone  Tree  Creek  fan  (see  Fig.  17), 
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°Tral  r1*"  ?f  Cottonwo:,tl  Canyon  fan  showing  1952  flood 

iIfiCald*l^°f!  bLtZ">ir  li£hter  C0l0r*  n*  cl**P 
th«  left  aide  of  the  picture  marks  the  location  of  Syions 

1  field  on  floor  of  Upper  Owens  Yalley  in  foreground/”** 
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nnd,  nslntainEng  a  width  of  700  feet,  adv.inc  d  70j  feet.  ds*nslope. 
tloroni'-n  .ittn In  thicknesses  of  2  to  K  feet.  A  itnaewhat  narrower  un< 
longer  t  one, je  hrnn.  ieJ  off  from  the  debris  flow  of  Cotto:v»oo J  Cwyoi 
this  sector  of  its  fan. 

In  the  middle  third  of  the  fnr>3,  where  the  incised  channels  ohi 
loved  to  around  5  feet,  the  debris  masses  increased  their  width  by  < 
topping  channel  walls  ar.d  spreading  or  dividing  laterally.  On  the 
Cottonwood  Canyon  fan  (Fig.  16)  the  increase  in  width  was  gradual,  i 
for  a  momentary  widening  at  a  major  bend  of  the  active  channel.  Hei 
..he  flow  .assumed  a  width  of  .VO 3  feet,  but  jnmediately  below,  it  nar. 
to  100  feet  and  in  the  next  mile  gradually  widei^ed  to  UOs  feet.  On 
Lone  Tree  Creek  fan  (Fig.  17)  the  widening  of  the  flow  in  this  socli 
rather  abrupt,  changing  from  a  width  of  TOO  feet  to  one  of  500  feet 
in  les3  than  a  quarter  of  a  mile.  Thin  greater  width  was  cainlainei 


,  ?9Pfch  ®r  •-1'*  Pre-«3datont  active  channel  on  all  of  the  fans  was 
sufficient  to  con.  *r.e  the  greater  bulk  of  the  fiuid  debris  to  these 
channels  for  between  one-third  and  two-thirds  of  the  radial  length  of  the 
g? '•  ll»  »f  *  »l*U«Ur  d„pl,  inclarf  « 

:^«ur;45?  13  Pr°Vont  floodlnS  th«™  a"d  to  extend  down- 

5h‘ll0”lns  °f  *• 

The  -IllL i°J1?thi0f  tb*  dopo3*ts  on  th«  fans  greatly  exceeds  the  width. 
Jlon«  on\S11b?:r  •?%rr0W  “trlpa  of  ^ris  extend  two  to  three  nil 03  down- 
r  in  contrast  to  maximum  widths  of  indlvi- 

«&£?£**$  JSSTul.®  **  ^  -  °Vera11  ^ 

M;VbT^  ^^Im¬ 

pression  of  high  fluidity ,  yet  where  small  tongues  of  debris  spilled  out 

of  main  channels  during  the  floods  they  did  not  continue  to  flow  for  anr 

great  distance,  despite  the  steepness  of  the  fans.  There  is  no  clear  V 

chi™*?!  t5ft  Wf/r  v‘^ine<1  rrom  th*  KaS3es  that  spilled  out  of  mala 
channels  after  they  had  come  to  rest.  At  present,  all  of  the  debris  on 

rar/r1'^'?3  13  ^U"50lldif ied  looks  like  concrete,  suggesting  a 

Wr/htwoS^Califn-l/^  m  n*  tlma  of  a3Venant>  Hater  content  of  the 
the S  £  iC1 1  f;  ;n  d  fl°w  *a3  ttea3Ur9d  d«ring  the  occurrence  of 
Koh/1  IOC?/  ;°  b°  froa  *5  to  30  ^rccnt  b^  wight  (Sharp  and 

1o  ref3?nable  tn  a33U=e  ^at  similar  percentages  pro- 
5  S"  Vh.ite/Meua‘ailr»  nows  of  1952,  since  in  both  cases  the  be- 
SlL/  th<!  matCrial  durlnS  ihf>  noal3  ^d  its  later  appearance  were 

th0Jr  C0Ur393  d«vn  the  fans  the  flows  adhered  closely  to  the  ' 
underlying  topograrhy.  The  main  masses  were  guided  by  the  pre-existent 
Channels  and  followed  all  of  their  bends.  The  tongues  of  debris  which 
ftj’Sn  t0p,^  ohanno1  ™lls>  and  the  different  branchesof 

the  /Crf’  F°Uofc'9d  old  flood  channels  in  their  courses  down 

tha/the  mobile  Sf?  a-h5ren”  to  »«»r  shallow  depressions  suggests 

wa/not  f  1?  A  »  *”  K0VinS  ak  aucb  slw  rat”  that  ^3  momentum 

vas  not  sufficient  -a  overcome  even  minor  surface  irregularities. 

debris  flows  today,  several  years  after  the 
i1?  3U«®  distinctive.  In  cross  section  they  are  concave  up-ward 
with  well-defined  lateral  ridges  3  to  6  feet  wide  Li  2  to  4  rle?ff2 

these  dsbv?  °nt“eir  T*rsln?  ^F1r*  2/*)*  Evidently  the  central  part  of 
these  debris  flows  had  greater  fluidity  than  the  margins,  and  material 

gradually  was  left  stranded  along  the  edges.  Subsequent  water  runoff 
followed  the  centers  of  the  flows  and  removed  a  certain  amount  of  mate¬ 
rial,  tending  to  accentuate  the  ridge-like  characteristics  of  the 
unrgimu 
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figure  24.  Lateral  ridge*  along  edge  of  1952  debris  now  near 
apex  of  Cottonwood  Canyon  fan.  One  ridge  extends  diagonally 
across  picture  froa  lower  left  corner  and  is  about  3  feet  hlgfc 
and  5  feet  wide  at  the  base,  A  second  ridge  can  be  seen  co 
opposite  side  of  fresh  deposits.  CultiY&ted  fields  in  baek- 
ground  are  Syaona  ranch,  near  which  thi  lower  end  of  the,  debris 
flow  is  vlalbl*. 


Lateral  ridges  along  Alaskan  aud  flows  bars  been  termed  *  end  flow 
lerees"  (Sharp,  1942),  alii  the  torn  "Boredne1  has  also  been  used  to 
describe  similar  features  on  aud  flows  in  Turkestan  (Rickmers,  1913), 
The  lateral  ridges  along  the  margins  of  the  White  Mountain  debris  flows 
of  1952  resemble  both  natural  levees  and  glacial  eoralnes,  thn  former 
in  that  they  are  represented  in  plan  by  a  pair  of  closely  spaced,  wind¬ 
ing,  linear  ridgelats,  tho  latter  in  the  steepness  of  their  sides  and 
their  composition,  which  is  characterised  b7  a  heterogeneous  mixture  of 
debris  of  ell  aisas.  Along  margins  of  the  White  Mountain  flows  there 
is  a  gradation  froa  a  moraine-like  shape  and  composition  of  the  ridges 
on  upper  fan  surfaces  to  loroe-liko  silt  deposits  near  fan  perimeters. 
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After  deposition  of  the  main  debris  masse*  hid  taken  Df.-. 

lm!tJlrftSd^nrttrrCtT  J™a  the  c*ny°™  and  followed  down  approx- 
th*tflJ.shd*K!ii  Jf»th*  fl°°?  d,P°®lt9*  The  *ff«ct  v>9  to  diSect 

»aSSS£ 


tion  In  other  parts  of  western  America  (Pack,  1923°;  ^m£^SST 


wJP”  *5,  ,  cross-section  of  active  channel  cti 
^fn?r  S”#k«5fn  ab°Ut  100  yard9  b*lo»  canyon  mouth  ahouin* 
1952  n^d!Sl^i0n  and  Channal  CUttln«  bought  about  by  the* 
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Channel  deepening  to*,1:  place  over  Approximately  the  upper  third  to 
■half  of  each  fan,  and  the  material  thus  excavated  war  transported  boyond 
the  lower  end  of  th'*  debria  and  mud  flown  where  It  wan  deposited  na  send 
and  silt  in  a  braiding  system  of  flood  channels  on  the  lower  fan  and  in 
broad,  thin  masses  of  fine  material  on  the  flatter  land  beyond. 

Property  damage  resulting  from  these  floods  was  moderate.  Intakes 
to  Irrigation  pipelines  at  the  mouths  oT the  three  canyons  were  destroyed, 
and  the  ranchos  dependent  upon  these  streams  were  without  water  for  approx¬ 
imately  ten  days.  Water  and  fine  debris  from  the  drainage  basins  streamed 
across  the  valley  highway  (U,S.  6)  at  several  locations,  but  the  pavement 
!toelf  was  not  seriously ‘damaged,  and  at  no  time  was  traffic  halted  for 
more  than  a  few  minutes.  An  unsurfaced  road  to  a  pyrophyllite  mine  on  Lone 
Tree  Creek,  which  had  been  routed  along  the  edge  of  the  stream  channel  on 
the  fan,  was  covered  by  the  fresh  debris  for  most  ol‘  its  length  (see  Fig. 
17).  In  relocating  this  road,  it  was  shifted  to  the  northern  margin  of  th* 
farr,  a  position  of  much  greater  safety.  Luckily,  there  were  no  structures 
or  other  man-made  installations  directly  in  the  path  of  the  main  masses  of 
debris. 

(3)  Flooding  in  Leidy  Creek 

(a)  Eyewitness  account 

Only  one  bona  fide  eyewitness  of  this  flood  was  lo¬ 
cated.  This  man,  an  employee  of  one  of  the  Larger  ranches  on  the  floor  of 
Fish  Lake  Valley,  observed  the  heavy  rains  in  the  mountains  during  the 
early  afternoon,  and  later,  about  1700  hours,  heard  a  heavy  roaring  and 
rumbling  in  the  Leidy  Creek  drainage  (Johnson,  0. ,  Personal  Communication, 
175^),  He  immediately  drove  to  the  mouth  of  the  canyon  and  walked  one- 
third  of  a  mile  up-canyon  to  inspect  the  irrigation  intake  for  the  ranch. 
When  he  reached  it  he  noticed  a  broad  tongue  of  fresh  debris  a  short  dis¬ 
tance  up-canyon  in  which  he  could  detect  slight  movement  along  tho  lower 
margin.  He  had  the  impression  that  the  creeping  movement  of  the  debria 
tongue  was  just  coming  to  a  halt.  He  noticed  that  the  creek  had  a  much 
higher  than  normal  discharge  at  this  time  and  stated  that  the  high  water 
continued  for  ?.U  to  36  hours  thereafter.  This  description  tallies  well 
with  eyewitness  accounts  of  the  floods  on  the  other  side  of  the  range. 

(b)  Observed  morphologic  effects 

Morphology  of  the  drainage  basin.  Leidy  Creek  is 
one  of  the  larger  and  more  important  east-side  drainages  and  can  be  con¬ 
sidered  typical  in  morphology  of  the  big  drainage  systems  on  that  side  of 
the  northern  White  Mountains.  The  profile  of  the  main  canyon  is  charac¬ 
terized  by  a  relatively  steep  upper  portion  and  a  long,  moderately  gentle 
lower  segment  (Fig.  ?6).  It  cut  in  both  granitic  and  mctamorphic  ter¬ 
rain;  because  of  those  bedrock  differences  it  is  possible  to  check  source 
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Fl*ur«  26.  Prof II*  of  trunk  canyon  of  Lotdjr  Crack, 
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Figure  27.  Plan  of  Loidy  Creek  drainage  basin  showing  location 
of  1952  debris  flow.  Base  froa  U.S.G.3.  White  Mountain  Peak 
topographic  quadrangle. 
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re  is.  LooKxng  aownscreas  in  .Lover  neiuy  ocmjwn  a  rum  >. 
t  about  one-half  mile  above  nouth.  The  row  of  trees  to 
rij-t  of  the  stream  cut  marks  the  approximate  margin  of 
1^52.  debriu  flow,  which  spread  to  cover  most  of  the  can- 
flccr  in  the  middle-ground  of  the  photograph.  Note  well 
ued,  sloping  terrace  at  left  of  stream  channel,  which 
orta  a  thrifty  growth,  of  pinyon  pine. 


the  steeper*  headwater  area  was  quickly  ilissipated.  Additionally,  the 
floor  of  lower  Leidy  Creek  is  relatively  broad  and  permitted  ready 
spreading  of  the  debris,  causing  a  further  loss  of  momentum.  In  short, 
as  the  gradient  lessened,  the  bulk  of  the  coarser  debris  load  was  dropped, 
and  only  muddy  water  emerged  from  the  canyon  mouth,  causing  little  damage 
on  the  f"n.  '  "■ 

In  contrast,  the  stem  gradient  of  the  west-side  streams  allowed 
debris  movement  to  continue  .  eyond  canyon  mouths,  and  aa  it  spread  onto 
the  fan  surfaces  it  could  cause  greater  damage. 

The  flood  of  19  duly  19 


This  flood  affected  only  Indian  Creek,  on  the  east  side  of  the 
White  Mountains, 

(l)  Precipitation 

This  flood  is  the  only  one  for  which  moderately  accurate 
precipitation  estimates  are  available.  A  portable  rain  gage  had  been 
carried  to  Chiatovich  Flat  on  the  afternoon  of  this  date,  and  fl.25  inches 
of  rain  were  there  received  in  approximately  two  and  one-half  hours 
(Powell,  D. ,  Personal  Cosnunication.  195?).  According  to  Hr.  Powell,  the  • 
heaviest  rain  was  concentrated  on  Chiatovich  Flat  and  in  the  south  fork 
of  Indian  Creek;  adjacent  drainages  showed  no  evidence  of  high  water 
after  the  passage  of  the  storm.  Thus,  the  areal  extent  of  the  intensive 
precipitation  was  limited  perhaps  to  no  more  than  1  or  2  square  miles. 
White  Mountain  II,  10  miles  south  of  Chiatovich  Flat,  recorded  only  0.13 
inch  of  rain  on  that  day,  and  White  Mountain  I,  16  miles  south,  had  only 
0.03  inch. 

(2)  Flooding  in  Indian  Creek 
(a)  Eyewitness  accounts 

Toe  observer  on  Chiatovich  Flat  had  little  oppor¬ 
tunity  to  see  the  effects  of  the  heavy  ram  in  the  lower  trunk  canyon  of 
Indian  Creek  proper.  Fresh  gullies  and  small  tongues  of  debris  were  no¬ 
ticed  on  the  steeper  sieves  of  the  headwater  area  of  the  south  fork  of 
the  stream  after  the  rcms  had  passed. 

Fish  Lake  Valley  residents  reported  hearing  the  usual  rumbling  and 
roaring  sounds  in  the  Indian  Creek  drainage,  although  much  of  this  noise 
may  have  been  thunder  m  the  storm  from  which  the  heavy  rain  came. 

High  water  emerged  from  the  mouth  of  the  canyon  approximately  one 
hour  after  the  period  of  heaviest  rain. 
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Pigure  29. 
debris  flow, 


Plan  of  Indian  Creek  dralnago  basin  showing  location  of  1955 
Base  from  U.S>GtS>  White  Mountain  Peak  topographic  quad— 


th*  gulll**,  indicating  that  material  was  thus  shifted  toward  tvwl  ont» 
the  floor  of  th®  canyon  Tributary  canyons  on  the  southeastern  aide  of 
the  south  fork  contributed  debris  to  the  floor  of  the  main  canyon,  <as 
evidenced  by  remnants  of  small  debris  flows  extendihg  from  their  mouths 
to  the  main  canyon  floor.  ’  ' 

A  larger  dobris  flow  developed  on  the  floor  of  the  south  fork  and 
continued  downstream  past  the  Junction  with  the  north  fork,  reaching  al¬ 
most  to  the  canyon  mouth  (Fig. 29).  Debris,  deposited  on  the  trunk  canyon 
rloor  below  the  Junction  reached  a  thickness  of  throe  to  four  feet,  as 
measured  in  the  stream  cut.  Following  debris  deposition  here,  high  water 
flow  developed  and  a  certain  amount  of  channel  scouring  took  place. 

The  Indian  Creek  flood  of  1955  in  the  canyon  was  remarkably  similar 
to  that  in  Leidy  Creek  in  1952  in  many  respects.  The  notable  difference 
was  that  in  Indian  Creek  a  large  proportion  of  the  debris  which  flowed 
along  the  floor  of  the.  lower  trunk  canyon  came  not  from  the  floor  of  the 
upper  canyon  itself,  but  rather  from  adjacent  slopes  and  floors  of  trib¬ 
utary  canyons. 

Morphologic  evidence  and  effects  on  fan.  Primarily 
dirty  water  issued  fron  the  canyon  mouth  onto  the  Indian  Creek  alluvial 
fan  following  the  heavy  rain  within  the  mountains.  Accordingly,  the 
major  morphologic  effects  were  similar  to  those  pioduced  on  the  Leidy 
Creek  fan  by  the  flood  of  1952.  That  is  to  3ay,  there  .was  channel  deep¬ 
ening  on  the  upper  third  of  the  fan,  judged  to  be  about  3  to  feet  in 
places,  and  re-deposition  of  the  finer  debris  thus  removed  on  the  lower, 
peripheral  parts  of  the  fan.  Excess  water  from  the  fan  followed  indis¬ 
tinct  natural  channels  and  man-made  ditches  across  the  floor  of  Fish  Laks 
Valley  to  the  low  point,  collecting  there  in  a  temporary  playa  lake. 
Morphologically  the  effect  of  the  flood  on  the  fan  waa  slight. 

The  total  morphologic  effect  of  this  flood  both  within  the  mountains 
and  on  the  fan  appears  small,  considering  the  probable  intensity  and  ab¬ 
solute  total  of  the  ram  responsible  for  it .  •  It  is  possible,  however, 
that  rain  falling  in  the  catcnmenfc  area  of  the  south  fork  of  Indian  Creek 
was  not  as  intense  as  that  measured  on  Chiatcvich  Flat. 


( c )  The  floods  of  25  July  I?  56 

These  floods  occurred  in  the  same  three  west-side 
drainage  basin3  in  which  large  floods  took  place  in  1952,  chat  is,  Milner 
Creek,  Lone  Tret  Creek,  and  Cottonwood  Canyon.  Although  these  floods 
happened  in  the  beginning  of  tne  contract  period,  neither  the  Principal 
Investigator  nor  the  Assistant  was  in  the  study  area  at  that  timo,  and, an 
invaluable  opportunity  to  observe  flooding  at  first-hand  was  thus  lost. 


r 


Precipitation 


Heavy  rains  again  fell  in  the  headwater  areas  of  the  three 
drainage  basins  on  25  July  1956.  Absolute  amounts  and  intensities  could  not 
bo  determined.  The  weather  stations  closest  to  the  area,  White  Vi^tain  I 
and  White  Mountain  II,  recorded  2/,-hour  totals  for  that  day  of,  r  *pectively, 
0.56  inch  and  0*26  inch  of  rain.  Residents  of  Upper  Owens  Valle},  reported 
that  the  rains  of  July  1956  appeared  to  bo  at  least  as  heavy  as  those  of  July 
1952  when  serious  flooding  and  debris  flowing  took  place,  but  the  floods  of 
1956  wore  comparatively  mild  in  their  effects.  The  comparison  made  by  the 
local  ranchers  is  admittedly  subjective,  but  it  is  given  for  completeness 
of  record* 


( 2 )  Flooding  in  Milner  Creek.  Lone  Tree  Creek,  and 


Eyewitness  accounts 


Local  valley  residents  were  particularly  cognizant 
of  the  heavy  cumulus  ouildup  over  the  White  Mountains  on  this  date  because 
of  the  relative  recency  of  the  serious  floods  of  1952.  But  their  fears  ' 
were  not  realized;  no  debris  flows  came  from  the  canyons,  only  high  water. 
The  heaviest  rains  fell  during  the  early  afternoon,  from  about-1300  to 
1500  hours,  and  high  water  developed  in  the  drainages  within  less  than  an 
hour  after  the  period  of  maximisn  precipitation.  The  high  water  built  up 
to  crests  of  maximum  discharge  in  about  i*5  minutes  and  subsided  to  soae- 
wh  -  Ighor  than  normal  flow  in  a  slightly  longer  period.  Irrigation 
sys  m  intakes  were  once  again  destroyed  by  the  high  water,  but  little 
debris  was  carried  out  of  the  canyons  by  the  flood  waters.  Although  at 
time  of  highest  water  there  was  evidently  considerable  noise  in  the  lower 
trunk  canyons,  none  of  the  ranchsrs  who  paid  attention  to  these  floods 
reported  hearing  exceedingly  loud  rumbling  and  roaring  noi3oa  such  as 
occurred  in  1952. 


Observed  morphologic  effects 


Morphologic  evidence  and  effects  in  canyons.  When 
visited  ten  days  after  the  event,  the3e  canyons  showed  surprisingly  little 
morphologic  evidence  of  these  recent  floods.  There  was  no  evidence  of  the 
shifting  of  large  volumes  of  debris  in  the  main  canyons,  either  in  the 
form,  of  stranded  remnants  of  debris  on  the  sides  of  trunk  canyons  or  in  the 
form  of  patches  of  material  on  their  floors.  The  only  evidence  consisted 
of  marks  left  by  muddy  water  or.  canyon  walls  and  occasional  small  piles  of 
fresh  sand  and  silt  on  the  creek  banks.  These  indicated  that  depths  of  3 
to  10  feet  wore  attained  at  the  narrowest  parts  of  the  canyons. 
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Morphologic  evidence  and  effects  on  *ans-  The 
major  morphologic  effect,  on  the  fans'  was  the  deepening  of  nettle  chan* 
nols  in  apex  regions  and  ro-deposition  of  finer  material  on  f<‘»-  jierline>v 
ters.  During  the  relatively  brief  period  of  high  water,  channeu  scouring 
took  place  on  the  upper  portions  of  alluvial  fans  of  all  three:  stream 
systems.  As  is  usually  the  case,  it  is  im|«ssible  to  get  more-  than  a 
very  rough  estimate  of  just  how  much  deepening  actually  occurne-d;  esti¬ 
mates  based  on  testimony  of  the  most  reliable  local  resident}’  vary  from 
2  to  A  feet. 

Material  removed  from  channel  floors  in  the  uppir  third  off  fans  wn3 
carried  downslope  and  redeposited  in  peripheral  portions  of  th*  fans. 
Floodwaters  charged  with  thl3  finer  debri3  remained  in  main  channels 
about  two-thirds  of  the  way  down  the  fans;  only  on  tie  lower  third  was 
there  any  spreading  of  water  into  numerous  branches  and  sheets-  Wo  im¬ 
portant  channel  course  changes  occurred  during  these  floods. 

Comparison  of  the  1956  and  1^52  floods.  The  floods 
of  1952  in  these  three  drainage  systems  produced  extensive  morphologic 
changes  in  lower  trunk  canyons  within  the  mountains  and  on  the:  alluvial 
fans.  The  floods  of  1956  consisted  primarily  of  water  in  all  tihree 
drainages;  a  minor  amount  of  debris  wa3  moved  from,  capjfons  to  fan  sur¬ 
faces,  but  the  major  effect  wa3  to  deepen  principal  channels  on  the  fans, 
particularly  near  apexes.  The  differences  between  the  two  years  are  re¬ 
markable  and  demand  an  explanation. 


The  much  shorter  duration  of  high  water  flow  suggests  that  the  rains 
of  1956  were  in  all  probability  less  intense  than  those  of  1952„  despite 
the  tendency  of  the  valley  ranchers  to  ascribe  the  more  recent  Jlood3  to 
equal  or  heavier  precipitation. 


It  seems  very  probable  that  difference  in  behavior  of  floodwaters 
in  the  two  years  was  at  least  in  part  due  to  differences  in  the  availa¬ 
bility  of  debri3  in  the  canyons.  One  of  the  major  morphologic  effects 
of  the  1952  floods  was  the  flushing  out  of  debris  from  the  trmrnk  canyons, 
leaving  essentially  bedrock  channels  over  their  greater  length-  Although 
similar  amounts  of  rain  may  have  fallen  in  1956,  lack  of  significant 
amounts  of  debris  in  main  canyons  prevented  the  development  off  debris 
flows  and  allowed  relatively  rapid  runoff.  Streams  quickly  reached  a 
high  water  stage  and  receded  from  it  just  as  rapidly.  Minor  volumes  of 
material  probably  were  moved  into  main  canyons  from  tributary  valleys 
during  the  period  of  intensive  rain,  but  the  total  amounts  brought  in 
were  small  and  were  easily  carried  off  by  normal  stream  processes- 

Assuming  this  reconstruction  of  events  to  be  accurate,  a  fundamental 
relation  emerges:  Given  sufficiently  excessive  water  in  a  draumiage  basin, 
it3  flooding  behavior  in  the  trunk  canyon  and  on  the  fan  will  largely  be 
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controlled  by  the  amount  of  debris-  oa  the  floor  of  the  trunk  canyon* 
Large  Amounts  of  debris  in  the  main  channel  within  the  range  ohoula  re¬ 
sult' in  flood®  producing  debris  flows  and  mud  flows  which  may  travel  a 
con  si  durable  distance  down  the  fans*  with  high  water  following  debris 
deposition.  Bedrock  valley  floors,  In  contrast,  will  prbijiot?  rapid  run¬ 
off  of  muddy  water;  the  moot  important  offcct  on  fans  will  be  deepening 
of  the  active  .channels*  Once  most  of  the  accumulated  loose  alluvium  is 
flushed  from  the  floor  of  a  major  canyon  by  a  large  flood,  it  would  be 
expected  that  the  cunyon  would  produce  nothing  but  high  water  floods  un¬ 
til  normal  movement  of  debris  from  tributary  canyons  and  slope  retreat 
had  resulted  in  the  accumulation  of  sufficient  alluvium  and  colluvium  on 
the  canyon  floor  for  the  development  of  another  large  debris  flow. 


Thus,  close  examination  of  the  condition  of  the  floor  of  the  trunk 
canyon  or  a  mountain  drainage  system  ought  to  provide  one  guide  to  a 
determination!  of  the  flooding  potentialities  and  possible  destructive 
effect  of  high)  water  in  that  drainage  basin. 


Minor  flooding  during  contract 


No  serious  flooding  took  place  in  the  study  area  while  the  Assistant 
was  in  the  field.  Floods  and  flood  effects  actually  observed  first-hand- 
were  thus  miner  in  both  volumes  of  water  involved  and  physiographic 
changes  produced*  Nevej  theless,  it  was  possible  to  rake  close-range  ob¬ 
servations  during  one  period  of  snowmelt  flooding  and  of  two  small  cloud" 
burst  floods.  However,  no  wintertime  flooding  occurred  during  the  con¬ 
tract  period. 


Snowmelt  flooding  in.  west-aide  drainages.  23  Kav  to  7  June  19 51 


Weather  prior  to  flooding 


Snow  pack  in  the  White  Mountains  was  considerably  below  nor¬ 
mal  until  May  1957.  A  prolonged  series  of  frontal  storms  crossed  the 
area  during  the  period  7-25  May,  resulting  in  relatively  heavy  rains  at 
.lower  elevations  and  much  snow  in  the  mountains  above  9,000  feet.  This 
was  the  wettest  May  for  most  of  California  for  25  to- 30  years,  Cool  wea¬ 
ther,  with  broken  to  overcast  skies,  persisted  in  the  area  until  about  26 
May  at  which,  time  the  last  cloudiness  of  the  frontal  systems  moved  out  of 
the  region  sod  warm,  dry  air  moved  in.  During  the  next  two  weeks,  days 
were  hot  in  tie  valleys,  reaching  continuously  to  over  95°F  in  Bishop, 
and  warm  in  toe  mountains.  Nighttime  temperatures  were  relatively  high, 
even  at  higher  elevations.  White  Mountain  II*  elevation  12,/*7Q  feet*  had 
Average  daily  irdnima  of  34°F  during  the  period*  and  White  Mount i in  I*  o.lc- 
vation  10,150)  feet,  experienced  daily  minima  of  around  33°?. 


(2)  Snowmelt  runoff 


The  persistent  high  temperatures  brought  rapid  melting  of 
the  accumulated  snow  pack  arid  caused  a  rise  in  discharge  in  all  creeks, 
"his  increase  in  runoff  was  especially  evident  in  Cottonwood  Canyon, 


-J‘UA 
ftNKiv  :]  1 


■IS# 


A  >V 


wA 


WSXegiBBSBgiSeBW 


H  K*>%  .  .  i 


MmmWm 


wmm 


W$Mn 


-! v>y iv  1; 

V'\*  V- \> V 


wmmm 


i- hv  v-  \  rV»VA  yis,} 

I  Jt  1 


iV-.  AiAy  pi-. 


* 


UWVTP'i  wmi-mwa  P.-*thrr»i m  m  irvn-.  ! 


mm 


Wi 


'mm. 


-  , .  v  f.*v-  lj S.3--1  ■  r<i* /?  ‘  '  '’r> -|  - 

i.itViJ'*— w»«- 


■  ;2#  ‘  ,1  •' h -.s  'jt  •.ij11#  >  v*  £• .*r. '  in  *;**+:  Sr' 

i  ■  p*  ■{  '*» v*4>  *  *11" £iL>i.  •»  m  *  ifw  #*  wm  «*  *,>  *  >-«•  o*<  ■*  #.  * >'■  U‘  *»<<►»-  »  \-t w  i 


Lon»  Tree-  Creek,  and  Milnor  Creek,  the  same  three  streams  that  flooded 
seriously  in  July  1952,  and  again  less  seriously  in  July  1956, 


Inn*  Sr  ?  ihZ  P  l0^  hi8h  watop  in  1957»  both  Cottonwood  Canyon  and 
S,uv,3r  f  W8re  delivering  relatively  clear  water  to  their  canyon 
K?hWto  tl?e  °f  maxlwu«  flow-  The  two  ranches  using  water  from 
these  drainages  have  arrangements  for  diverting  it  to  pipelines  30  that 

?w  ?f  ircrea?<54  discharge  was  used,  leaving  relatively  little  to 
flow  in  old  channels  across  the  fans,  and  no  marked  flooding  developed 


The  Hili.er  Creek  pipeline  intake  box,  however,  is  so  constructed 
is  enjily  filled  with  debris  during  periods  rf  high  discharge 

1W  Sd^l}tt;ffe?1V#-r  I?13  ^ed  in  ^ W  !*2& 

June  1957,  and  tne  full  discharge  followed  the  creek  channel  across  the 
fan,  creating  minor  flooding  and  an  opportunity  to  observe  tho  event* 


C3)  High  water  in  Milner-  Creelc 


L?Wcr  Mil’]er  Crfe’?  canyon  is  characterized  by  an  extreme 
narrowing  about  one  and  one-half  miles  above  the  canyon  mouth.  At  thie 

STS13  VUt  “  d?oJ  S  approSsiSi- 

*7  ”  the  floor  of  the  valley  is  hero  only  20  to  30  feet  wide.  The 

pipeline  intake  is  situated  at  the  very  foot  of  the  lower  fall'-  in  aenn 

mini  f°*  1rh  eX|‘o?d3  the  way  acr?33  the  eanyon  floor  at  *thla 
point  (see  Figure  19).  A  grill  of  5-mch  "I"  beams  on  top  of  the  box 

large  boulders  from  lodging  in  it  but  permits  cobbles,  gravel 
and  sand  to  settle  in  it.  The  snowmelt  runoff  brought  sufficient  debr?« 

££*  ‘b?  rill*d-  ar-d  th” mi  tlw  "  SS.* .««£  JS. 

the  rest  of  the  lower  canyon  and  out  onto  the  fan.  S 


a,.-.  ^‘scJn**2e  during  the  week  of  snowmelt  was  characterized  bv  marked 
dailf  Periods  of  maximum  and  minimum  flow.  In  terms  of  estimated  volume* 
obtained  by  very  rough  measurements  of  surface  velocity  and  channel  cross 
section,  minimum  discharge  was  on  the  order  Of  25  to  40  cubic  feet  ner 

to  500  cfs  for  short  period,  of  time  Normal  discharge  at this i! Jr 

gs  *» »"  “■  °rd«r  «  10  “  »  :f=.  ihSS.  n«  i£»Srt  ,t 

0200  hours  and  minimum  flow  at  about  l/.CO  hours,  'his  su?f?esfca 

took  approximately  10  to  12  hours  for  one  afternoon’s  aSSSt 

the  canyon  mouth  in  tho  form  of  the  day’s  crest  The 

from  headwater  area  to  the  narrows  is  about  seteu  JSti?' ^  dl3UnC,, 


(a)  Behavior  of  runoff  In  lower 


d..ply  alluvlntfid.  Th.  pr«.„t  n.v.„  ctand.1  thin  I 
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jh  t.Jf'yJ*!?  ^h*  *^r8fc  daycc  tw  cf  excen*  anoxnolt  runoff,  th*  chann*l 
narlod  oidtntly  deepened  about  2  feet.  Durln*  thla 

oobblf*Pr^’i‘^'1:ri  buddy  water,  with  llttl*  or  no  bod  load  larg*r*than 

lw:nk  3Sltl5i?a!J  A  i  fc5Untiln:*  Tollndnx  tha  Initial  p£lod, 
i«  KmI  ^vA  *  ,dM-’>nlnd  too k  place;  th*  dominant  procaar  at  vorie 
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m^m!!r5Cr4  At  ^  VA-*4^*  in  th*  narrow  indicated  that  lar** 

Iwar^iloS^  Cr£I!ldMr:*  rr°  bflina  d®liv«red  to  th*  upper  *nd  orth* 

UAtad  IJuTTk*  ^*rT?tifC*  bflt'rten  th*  narrowa  and  th*  canyon  south  ind*- 
blth  H  «3f  Si«n  Pl«t  vu  conatontly  ZngiS  ahaS 

X? iiltlil !\2f*S"SC*K5iCn‘,  **  •**»«:•  °f  channel  dH^fa<  •<& 
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targe  quantities  of  debris  very  obviously  were  coming  from  some 
place  upstream;  the  major  source  was  found  to  U*  narrow  terraces  of  fresh 
material  left  stranded  on  lower  canyon  walls  by  the  flood  of  1952  (Fig.  30,1 
Obidercutting  cf  these  terraces  was  observed  to>  ©ccur  core  or  less  continu¬ 
ously  at  sore  place  during  periods  of  high  waO.r,  caving  much  coarse  ma¬ 
ts' rial  and  considerable  fines  into  the  channel.  The  flow  coming  over  the 
Sam  at  the  lover  falls  in  the  narrows  was  extremely  dirty  (Fig,  31),  and 
boulders  up  to  three  or  four  feet  in  diameter  '.were  being  moved,  A  certain 
amount  of  undercutting  and  caving  went  on  in  thie  lower  canyon,  but  the 
amount  of  material  added  to  the  total  load  of  the  stream  In  this  manner  was 
r.ot  great. 


Observations  in. the  lower  canyon  at  fixed!  points  indicated  that  con¬ 
stant  change  in  channel  shape  may  take  place  without  appreciable  deepening 
erf  the  channel  itself.  The  main  strand  of  current  swings  back  and  forth 
across  the  width  of  the  channel  within  remarkably  short  periods,  and  grav¬ 
el  and  cobble  bars  are  quickly  built  and  Ju3t  am  quickly  washed  away  (Fig. 
J2).  Relatively  fixed  obstacles  in  the  channel,,  such  as  large  boulders 
.and  partially  buried  logs,  control  the  course  off  the  main  strand  of  current 
to  a  certain  extent,  but  temporary  masses  of  ccibbles  and  gravel,  built  and 
tern  apart  by  the  stream  itself,  seem  to  be  more  important  in  bringing 
about  shifts  in  the  position  of  the  main  strar.dL. 


From  tire  to  tire  1  'gs  would  become  str-aniihid  on  shallow  bars  at  an 
angle  to  the  main  current.  It  wa3  but  a  matter  <of  minutes  before  debris 
accumulated  upstream  from  the  logs,  creating  cmw„  temporary  obstacles  and 
tfaus  bringing  about  further  course  changes.  Baulk  cave-ins  deflected  the 
main  strand  of  current  from  one  side  of  the  channel  to  the  other  but  oc¬ 
curred  less  f-equently. 


These  course  changes  of  the  main  strand  cf  .current  were  observed  to 
take  placo  so  rapidly  that  any  given  part  of  this  .-channel  in  the  lower  can¬ 
yon  would  hardly  be  recognisable  5  or  10  minuter,  after  first  sight  of  it. 
fart  throughout  the  process  of  ever-changing  channel  shape,  channel  depth 
remained  essentially  constant  Material  moved  downstream  discontinuously, 
perhaps  10  or  20  feet  at  a  spurt.  It  would  be  b..*-c  .rpo  rated  into  temporary 
midstream  or  siie-chanr.el  bars  which  might  persist  ior  10  or  15  minutes. 

!s  they  were  wished  away,  cobbles  and  gravel  wouild  be  shifted  downstream 
another  few  feet,  again  to  be  lodged  in  a  tempQcary  resting  place,  in 
this  manner,  material  from  above  the  narrows  '  am  ’transported  through  the 
lower  canyon  and  onto  the  fan. 


(b)  Behavior  of  runoff  on  fan 


Or.  the  Hilner  Creek  alluvial  fan,  high  water  followed 
tube  creek  channel  on  the  upper  two-thirds  of  thie  surface,  after  which  it 
divided  into  half  a  dozen  branches  which  followed  old  channels  downslope 
to  the  highway.  Here,  man-made  dikes  diverted  ii!t  into  ditches  leading  to 
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culverts.  Below  th*  highway,  th*  flow  followed  an  an-stoooslng  channel 
pattern,  reuniting  Into  n  single  atrand  near  the  southwestern  edge  of 
the  fan,  frort  where  a  single  channel,  cut  in  finer  material,  lad  the 
dwindling  water  onto  the  valley  flat  south  of  the  fan.  Here  shest  depo- 
aitlon  of  ailt  and  fine  aand  took  place, 

‘The  main  channel  on  the  fan  is  entrenched,  and  runoff  during  thi» 
period  never- got  out  of  this  trench.  Only  during  the  flrat  couple  of 
days  of  high  water  did  It  ever  covor  all  of  the  channel  floor,  which  la 
hare  15  to  20  feet  wide.  However,  during  the  couree  of  a  day'#  high 
water,  the  smaller,  shallower  channel*  within  the  major  cat  were  under¬ 
going  constant  change,  similar  to  that  ahiarred  In  the  lower, canyon,  but 
generally  much  laaa  rapidly.  The  major  of  the  water  over  the  upper 
tvo-thlrds  of  hfc-  fan  consisted  of  debris  transportation;  the  channel  In 
any  given  section  was  constantly  changing  shape  (Fig.  33),  but  no  deep¬ 
ening  could  be  detected  despite  prolonged  observation- 

Shifts  in  the  position  of  the  main  strand  of  current  took  place  in 
essentially  the  sane  mannor  as  In  the  lower  canyon  and  were  caused  by 
the  came  processes;  buildups  of  debris  behind  stranded  logs,  construct¬ 
ion  of  temporary  gravel  and  cobble  bar*  at  the  foot  of  straight  reaches, 
deflection  by  minor  bank  cave-ins. 

■;  ,ra  was  obviously  a  considerable  loss  of  volume  of  the  stream  by 
Infiltration  between  the  bedrock  narrows  and  tbs  lower  part  of  the  fan. 
The  result  was  a  loss  In  velocity  and  carrying  power.  Deposition,  aa  a 
dominant  process  of  the  stream,  began  about  cue-half  mile  above  th* 


hlghwAy,  where  changes  in  chnnnal  shape  took  place  especially  frequently 
•and  rapidly.  Milner  Creek,  just  below  the  narrows  at  the  head  of  the 
lower  canyon,  was  moving  boulders  up  to  3  or  4  feet  in  diameter  during 
the  daily  period  of  maximum  high  waters;  at  the  highway  the  maximum  aicse 
moved  at  highest  vator  was  6. to  3  Inches,  below  the  highway  fine  gravel 
was  roiled  In  shallow  channels,  and  sand  and  silt  wore  carried  in  suspen¬ 
sion  j  but  vary  little  coarser  material  was  moved. 

Of  considerable  interest  were  the  observable  effects  on  the  fan 
brought  about  by  the  rise  of  water;  slow  at  first,  but  quite  rapid  as  the 
i.rUy  maximum  flow  was  attained.  During  the  first  hour  of  the  rise  the 
'  xisting  channel  appeared  to  be  deepening  by  a  few  inches,  and  an  apparent 
stability  of  channel  shape  and  location  was  maintained.  Bub  when  a  cer¬ 
tain  critical  volume  and  velocity  wore  attained,  the  construction  of  g.av- 
el  and  cobble  bars  begun;  it  was  then  only  a  matter  of  minutes  until  the 
main  strand  of  current  was  thrown  against  one  bank  or  the  other  and  under¬ 
cutting  and  concomitant  bar  construction  below  the  cave-iti  points  assured 
that  deflections  of  the  current  would  continue.  Pieces  of  driftwood  large 
enough  to  alter  channel  shape  began  to  move  after  the  first  hour  of  rise. 

(e)  Flood  damage 

Plugging  of  the  pipeline  intake  at  the  Milner  Creek  nar¬ 
rows  deprived  the  ranch  using  this  stream  of  irrigation  water  and  hydro¬ 
electric  power  for  more  than  a  week.  The  intake  box  was  not  destroyed  but 
simply  filled  with  fist-sized  and  smaller  debris,  and  flow  of  the  stream 
thereafter  went  over  it  and  into  the  lower  canyon. 

Damage  to  the  highway  crossing  the  fan  wa3  linseed  to  a  certain 
amount  of  undercutting  of  the  downhill  side  at  four  places  where  culverts 
became  plugged  and  the  full  flow  of  the  stream  went  across  the  paved  sur¬ 
face.  At  these  points,  small  waterfalls  were  formed,  the  plunge  pools  of 
which  effectively  ate  away  the  weaker  fill  beneath  the  pavement.  At  no 
time  wa3  water  crossing  the  road  more  than  8  or  10  inches  deep;  most  of 
the  time  it  was  no  more  than  A  or  5  inches  (Fig.  34).  Traffic  on  the  high¬ 
way  wa3  slowed  down  over  a  five-hundred  foot  stretch,  but  at  no  time  was 
it  halted, 

(4)  Higa  wator  in  lone  Tree  Creek  and  Cottonwood  Canyon 

Lone  Tree  Creek  and  Cottonwood  Canyon  were  also  delivering 
considerably  greater  than  normal  volumes  of  water  to  their  canyon  mouths 
during  the  period  of  snowmelt  runoff.  Daily  maximum  discharge  in  these 
drainages  was  on  the  order  of  eight  to  ten  times  the  volume  of  minimum 
flow;  the  ratio  was  thus  somewhat  lower  than  that  of  Milner  Creek, 

However,  because  of  the  absence  of  easily  erodable  fresh  debris  on 
or  near  the  floors  of  these  canyons,  their  water  wa3  relatively  clear, 
even  at  maximum  discharge.  Also,  the  arrangements  for  diverting  these 


Figure  34.  Runoff  from  Milner  Crook  crossing  U,3,  6  on  fin 
during  period  of  snowmelt  -flooding  in  June  1957,  Four  such 
sites  in  a  five-hundred-foot  stretch  of  highway,  at  which 
culvert  plugging  occurred,  experienced  flooding  of  this  sort 


somewhat  higher  than  normal  throughout  tho-  entire  period,  creating  over 
x  Tour  to  five  day  Interval  and  receding  to  normal  flow  in  a  like  tia*. 


It  la  postulated  that  alluvium  on  trunk  canyon  floora  here  acted  as 
a  very  officiant  roaorvoir  for  snowmelt  water,  releasing  it  gradually  and 
thus  equalising  discharge  throughout  the  day.  Presumably  there  is  a 
limit  to  this  "sponge"  effect,  but  it  waa  not  ronchod  in  those  drainages 
during  the  period  under  discussion.  These  stream  systems  might  well  be¬ 
have  differently  under  the  application  of  brief,  torrential  rains  such  as 
those  which  foil  in  Milner  Creek,  Lone  Tree  Creek,  and  Cottonwood  Canyon 
in  195?.  But  it  is  of  intorest  to  note  the  decided  difference  in  the  be- 
.nvior  of  snowmelt  runoff  in  drainages  with  deeply  alluviated  trunk  can¬ 
yons  compared  with  that  in  creeks  which  have  been  flooded  recently  and 
therefore  have  comparatively  clean  trunk  canyon  floors. 


b.  Cloudburst  flooding  in  Deep  Spring  Valley.  20  August  1957 
(l)  Precipitation 


During  the  period  13  -  22  August  1957  warm,  moist,  unstable 
air  from  desert  regions  to  the  southeast  moved  into  western  Nevada. 
Thunderstorm  activity  was  pronounced  oast  of  the  White  Mountains,  and 
minor  flooding  was  roported  to  have  occurred  nt  isolated  places  over  much, 
of  western  Nevada-  Afternoon  cumulus  buildups  over  the  White  Mountains 
during  this  period  wore  impressive  but  heavy,  flood-producing  rains  did 
not  fall  in  the  highest  part  of  the  range.  Minor  flooding  did  occur  in 
the  west  end  of  Deep  Spring  Valley,  located  in  the  southern  part  of  the 
study  area.  This  flood  was  not  observed  first-hand;  the  site  was  visited 
2K  hours  after  the  event. 


A  heavy  rain  fell  in  the  mountains  north  of  the  highway  traversing 
Deep  Spring  Valley  on  the  afternoon  of  20  August  1957,  but  the  weather 
station  at  the  Desp  Spring  School,  about.  3ix  airline  miles  from  these 
mountains,  recorded  only  0.02  inch  of  rain  that  afternoon.  Obviously, 
the  rain  in  the  highlands  must  have  been  much  more  severe.  One  small,  un¬ 
named  drainage,  about  U  square  miles  in  area,  ssemed  to  have  received  the 
hulk  of  the  heaviest  precipitation;  adjacent  drainage  systems  showed  no 
indication  of  excessive  runoff. 


(2)  Morphologic  effects  and  damage 


Morphologic  effects  of  this  flood  were  limited.  Traces  of 
mud  on  lower  canyon  walls  indicated  that  flood  waters  were  3  to  4  feet 
deep  at  the  mouth  of  the  normally  dry  canyon.  Tlie  water  was  approximately 
one  foot  deep  in  channels  Just  above  the. highway.  Cobbles  and  boulders  up 
to  a  foot  and  one-half  in  diameter  at  and  Just  below  the  canyon  mouth  ap¬ 
peared  to  have  been  recently  moved,  but  only  fine  sand,  silt,  and  minor 
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Figure  35.  Diagrammatic  sketch  map  of  minor  cloudburst  flooding 
in  Deep  Spring  Talley,  20  August  1957-  Traffic  was  held  up  for 
about  one  hour  while  highway  was  cleared  of  debris. 


amounts  of  fine  gravel  had  been  shifted  at  the  highway  where  the  slope 
of  the  fan  surface  is  leas  than  one  degree.  Water  stayed  in  the  single 
main  channel  on  the  fan  about  one-third  of  the  way  down,  then  developed 
a  braided  pattern  in  intermoahing  channels  (Fig.  35),  A  shallow  stream 
of  water  was  held  in  the  highway  right-of-way  for  a  few  hundred  feet  by 
man-made  dikes  and  raised  shoulders  on  either  side  of  the  road. 

It  was  iapossibl.  to  determine  to  what  extent  the  main  channel 
within  the  mountains  and  on  the  fan  had  been  altered.  Material  depa®- 
Ited  on  the  highway  was  predominantly  In  the  sand  and  silt  range,  with 
minor  amounts  of  gravel,  and  it  is  quite  probable  that  it  came  froim 
channel  floors  close  to  the  highway.  Presumably  some  channel  deep* ru¬ 
ing  on  the  upper  part  of  the  fan  must  have  taken  place,  but  in  the  ab¬ 
sence  of  an  accurate  knowledge  of  the  pre-flood  morphology  no  reliable 
estimate  can  be  made. 


(1)  Pif*Clpltatloq 

ts*  w  2  ass, w 

total  her*  may  have  been  la  a  .»»*►-_  nt  .« -  <  »  *  ™t  the  absolute 

ipproxtmately  one  hour  after  ^intensive  rli^hTd  ?88  vl3itad 

no  surface  runoff  was  then  in  avid*--,.  Tu.r?in  h*a  ,falleni  virtually 
•ouch  as  2  or  3  inches  *ay  hJ?e  15  poa‘uVt#d  th‘<-  Perhaps  a, 
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V-shaped  ditch  systems.  Most  of  th-  %  •co  of  debris  movement  above  the 
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plsyr®-}7*  Thln  nia  of  debris  across  highway  north  of  Silver 
reafc,  Nevada.  The  flooding  was  brought  about  by  the  heavy  rain 

°f.  ?  1957*  r£ie  truck  marka  the  cenUr  of  the  sheet  of 

debris  which  crosses  the  road  from  left  to  right. 
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be  concentrate!  into  a  single  channel.  Most  of  the  White  Mountain 
drain^e#  are  of  this  type;  that  is,  all  of  their  surface  runoff  aunt 
leave  the  mountain  front  by  way  of  the  single,  largo  channel  on  the 

,  r  °fAh<\ir  trUnk  cnnyon‘  Thl3  Physiographic  arrangement  means 
simply  that  targe  amounts  of  water  will  be  delivered  to  fan  apexes  in 
single  channels;  such  floods  will  thus  have  a  great  deal  of  polential 

work^o^the ^fans^*  abillty  to  '1o  4  significant  amount  of  morphologic 


In  contrast,  runoff  from  a  broad,  gentle  alluvial  surface,  such  as 
a  bajada  or  alluvial  apron  fringing  a  low,  physiographically  old  desert 
range,  may  be  spread  over  a  great  horizontal  distance;  in  this  type  of 
terrain  there  is  evidently  less  tendency  for  large  volumes  of  water  to 
accumulate  in  a  single,  large  channel. 


This  discussion  refers,  of  course*  to  natural  conditions.  Any  in- 
orftmMnrh7  through  construction  of  roads,  dike  and  ditch  systems, 
Z  of  similar  t^pe,  will  frequently  result  in  an  unnatural 

concentration  e*  And  it  ia  concentrated  runoff  that  provides 

the  greatest  potential  flooding  danger® 


‘w 


Morphologic  evidence  of  former  flood* 


The  most  recent  floods  in  the  White  Mountains  which  have  left  very 
conspicuous  evidence  have  been  discussed  in  preceding  sections.  However, 
morphologic  evidence  on  the  fans  and  in  the  canyons  indicates  that  flood- 

iSSotharsCasrielin0t  ^  drainag0  baslns  ^ready  enumerated,  b£t 


a.  Evidence  of  former  debris  flows 
(l)  Decosits  on  fans 


.  J  . Th®  ^  evidence  or  the  occurrence  of  former  major  floods 

is  provided  by  deposits  left  by  debris  flows.  These  take  the  rorm  of 
closely  spaced  pairs  of  parallel  ridges,  radiating  frora  fan  apexes  toward 

l^inS'nTr'7/:v  Upier  part  of  30m®  fans  4  corrugated  surface,  the 
iocal  relief  of  which  may  be  5  to  15  feet.  Between  the  radiating  pairs 

°LrdrSS  0f  debv‘w  the  ^0rmer  fl00d  channels  often  still  recognizable, 
-ome  are  now  used  by  surface  ronoff  resulting  from  heavy  rains  or  snowmelt 

?"  bhft.fa!?3*..  Thf  fact.that  ridges  and  channels  diverge  from  canyon  mouths 
is  probably  the  cest  piece  of  morphologic  evidence  suggesting  channel 
change  as  a  normal  process  in  the  construction  of  a  desert  alluvial  fan 
Potential  future  channel  changes  thus  present  a  real  danger  to  be  reckoned 
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Deposits  of  former  debri*  flows  are  conspicuous  on  tha  eteep  fane  ■ 
along  tha  northern  third  of  tha  vaat  flank  of  the  White  Mountains  fro« 
Willow  Creek  in  tha  south  to  Morris  Creek  in  the  north  (Fig.  39) • 

These  fans  are  dominantiy  of  granitic  debris.  Former  debris  flows  aleo 
left  readily  recognizable  deposits  on  the  fans  of  Sables  and  Straight 
Canyons,  which  Adjoin  Hilner  Creek  on  tha  south.  Of  tha  two.  Sables  Can¬ 
yon  heads  In  mctaraorphic  terrain,  while  Straignt  Canyon  drains  a  granitic 


All  but  two  of  the  fans  with  clear  evidence  of  former  debris  flows- 
are  associated  with  steep  canyons  of  tha  Falls  Creek  profile  type  (see 
Figure  3a).  Straight  and  Sabias  Canyons  are  tbs  only  exceptions  to  thi* 
rule.  Thu  morphologic  evidence  thus  suggests  that  flooding  in  the  past 
has  bean  more  fraquent  in  tha  steeper  drainages. 
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Figure  39.  Looking  down  on  apex  of  flock  Creek  fan,  showing  deeply 
Incised  active  channel.  Deposits  of  former  debris  flows  are  recog¬ 
nisable  in  the  area  with  scattered  pinyon  pine.  Farther  down  the 
slope,  former  flood  channels  radiate  toward  the  fan  perimeter.  The 
ruggedness  of  this  surface  is  typical  of  the  steeper  granitic  fans 
along  the  northern  third  of  the  western  flank  of  the  White  Mountains. 


mf  Uni  mtr«  r*mwi  dtbrl*  tXm»*  All1!*;!*  tmm  1.1st  rndtorlgrtwi* 
#lMr  ■iii;rf!|]*l  nurfftM*  In  i  auNkHir  of  MmA  goniplMMM  i» 

tmr  nm*r  taler  (»#*  fifi,  :SX  amt  sBS),i  pmwiblj1  wMlblmg  fra*  l*n« . 

iiiiir  . . wring,  or  !«•»  *d»iMM*il  of  dtatrl  varnlih.  faptib . 

WliciHi  on  iiurftwwa  of  itlifmnt  »l?»i»  cm  «1jm»  b*  notlood.  Tin . . 

dii ip »f  tht  1W»  dobrlo  flow*  iitong  the  mot  flarik  of  mountain* t 

. . hip  MMwplo . an  rapidly  being  Lnvadod  by  tunfalawaad  or  tuMlan  thlatla 

. . si! .  . Mk . teialtojw . .  wh;l«lr,i 

omiront  . . arkedtty  with  . . .  plants  on  ttw  *<i jwit nt  older  ourf»«*ii . 

lit,  . . .  dlf'ftroiiwM  m  well,  40  color  variation*  tond  to  ImmicmnImo 

.""tiilrwt  with  the  passage  of  time,  and  snout  of  the  former . label *  flaw* 

ir*  raoop . liable  today  only  by  tholr  very  distinctive  morphologic  feature*. 

fm  of  the  foil . or  debris  flew*  on.  White  Mountain  fan*  can  definitely 

. hi  dated,  two  of  thorn,  one  each  on  the  Sables  and  Straight  Canyon  fans, 

are  known  to  have  occurred  in  the  aunmr  of  1918  (BucJkJey,  B!  ,  Personal 
Coinmud cation,  1957)  ■  from  a  distance  then*  flows  are  still  recognisable 

bit  their  ■lightly  lighter  color.  'This  characteristic  makes  the . .  si  tan . . 

out  even  better  on  serial  photographs ,  hut  at  close  range  they  are  . . Her 

to  distinguish;  weathering  has  erased  their  originally  sharp  marginal  con . . 

tact  with  the  darker  alluvium,  and  the  formerly  abrupt  change  in  color  hue 

. . . .  rather  gradational.  The  vegetation  on  theae  flows  today . . fere  In 

no  way  . . :m  that  on  adjacent  parts  of  the  fane. 

Other  Identifiable  former  debris  flows  cannot  be  dated.  At  present 
they  do  not  differ  from  their  surrounding*  by  either  color  or  vegetation. 
Although  their  age  la  uncertain,  it  appears  reasonable  to  assume  that  they 

occurred  at  least  half  a  century  ago. 

The  topographic  features  of  the  surfaces  of  theae  White  Mountain  al¬ 
luvial  fans  Indicate  that  they  have  been  built  essentially  by  the  super . 

position  of  a  series  of  Individual  debris  flows.  A  study  in  Arizona  I . . 

Bliasenbach  (1954)  Indicated  that  there  was  a  probable  correlation  between 
average  annual  rainfall  and  type  of  deposition  on  alluvial  fans,  He  con¬ 
cluded  that  small  annual  precipitation,  10  to  12  inches  or  less,  was  usu¬ 
ally  associated  with  an  Increase  in  the  volume  of  material  in  a  fan  con 

tributed  by  debris  and  mud  flows  as  opposed  to  that  laid  down  by  

at . os ion  processes  and  minor  stream  floods.  It  certainly  ia  true  that  a 

large  proportion  of  the  volume  of  the  typical  fan  of  the  west  flank  of  the 

White  Mountains  has  probably  been  supplied  by  debris  flow  deposition  ra 

I  her . than,  by  normal  stream  processes,  ana  it  is  here  concluded  that  the 

deb:i . is  flow  in  this  area  is  a  normal  agent  in,  fan  development. 

(  2  *1  Dago  a  i . i__  1 ;  _j  n  iron  a 

Evidence  of  former  debris  flows  in  the  form  of  deposits  in 
canyons  is  rare  in  the  White  Mountains  It  seems  probable  that  the  major 
morphologic  effect  of  most  of  the  floods  which  produced  debris  flows  has 


Further  evidence  of  a  former  debris  flow  wouii.il  :n  represented  by  a 

liiiflroiisk  dangra . *  thmv  turn  'imhlsti  Mteilal  tel  lx . in  awwpi  . . . 

However^  wily  In  tli«  canyon*  of  the  Wires  wests  He  system*  which  flooded 
nmnwljr  in  19$%,  that  la,  Milner  Creek,  Iom  1W#  Crette ,  and  Cottonwood 

G«i\po,iil  it  auoh  evldenc* . .  Mo  other  Mbit . .  HomtaJin  esnyorts,  on 

alt bar  aid*  of  the  range,  have  such  relatively  clean  floor*.  Even  Straight 

end  . . Bang* . .  which  ««n  l»  assumed  to  hm  bean  oompletely  or  p*r-’ 

tial'ly  cleared  during  the  floods  of  1918,  now  have  a  nearly  continuous  oov- 

. . of  debris  on  their  trunk  canyon  floors.  It  thus  anema  possible  that 

half  »  century  may  suffice  to  allow  for  the  accumulation  of  material  a . da- 

quist*  for  the  development  of  another  large  debris  flow. 

It  is  seen,  then,  that  the  most  prominent  evidence  of  former  debris 

flows  consists  cf  deposits  on  fan  surfaces.  They  Indicate  thnt  debris . 

flow  deposition  is  a  normal,  part  of  the  construction  of  these  fans  and,  as 
(inch,  is  to  be  expected  in  the  future. 

b.  Evidence  of . high . water  flooding 

Morphologic  evidence  of  former  high  water  floods  is  less  consplc . 

ileus.  It  consists  of  channels  on  the  fans  and  of  associated  deposits  of 

silts  and  sands. 

0)  PJamaM . saJ&ea 

Generally,  the  deepest,  best -defined  channel  on  the  upper 
part  of  a  fan  is  the  qctive  one,  ths>  channel  leading  directly  out  of  the 
canyon  mouth  above  the  apex  and  onto  the  fan  surface  proper  (Fig,  39 } . 

But  other . channels  exist  on  upper  fan  surfaces,  usually  radiating  away 

from  apexes  (Fig,  4X),  Most  of  these  car  be  attributed  to  former  floods 
because  they  are  flanked  by  lateral  ridges  of  former  debris  flows,  at 
least  in  their  upper  sections 

It  Is  quite  apparent  that  the  deeply  incised  active  channels  on  fan 

surfaces  are  not  only  the  result  of  extreme  discharge  associated  with 
major  floods  but  owe  part  of  their  depth  to  normal  discharge,  including 
the  light  floods  caused  by  snowmelt ,  Evidence  from  the  most  recent 
serious  floods  In  the  White  Mount  air •  indicates  that  active  channels  were 

deepened  by  them,  at  .least  near  fan  apexes,  however,  the  amount  of  down . 

cutting  was  limited  to  -  few  feet.  Active  channels  cn  fans  which  have 
had  no  major  floods  for  at  least  hall  a  century  often  attain  depths  of 
10  to  20  feet,  and,  in  the  case  of  Rock  Creek  (Fig,  39; ,  cf  even  30  feet. 
These  figures  suggest  considerable  downcutting  since  the  occurre.  of 
the  last  major  flood,  a  deepening  which  must  have  been  achieved  by  normal 
runoff  and  minor  flooding. 

It  can  thus  be  realised  that  incised  channels  on  upper  fan  surfaces 
are  not,  by  themselves,  a  positive  indication  that  major  flooding  has 
taken  place. 
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5 .  Drainage  basins  larking  evidence  cf  aorious  flooding  wtthlffi  ttihe i  last 
century 


Seme  White  Mountain  drainage  systems  appear  not  to  have  beam  flooded 
seriously  for  at  least  100  years.  Their  fans  lack  woll-definedl  (pair  a  of 
lateral  ridges  attributable  to  former  debris  flows.  Instead,  tlheir  fan 
apexes  have  a  gently  undulating  surface  on  wnich  a  faint  radial!,  (pattern 
of  swells  and  depressions  is  recognizable.  Theso  undulations  aute  ob¬ 
viously  associated  with  former  debris  flows,  but  their  very  sulhituod  forms 
indicate  a  long  lapse  of  time  since  their  deposition.  Since  tlhe  present 
r5rms  of  the  1910  flows  in  Sabies  and  Straight  Canyons  indicate-  It-iiat  half 
a  century  is  barely  sufficient  to  eliminate  color  differences  .umang  de¬ 
posits  but  insufficient  to  mar  the  fresh  appearance  of  tho  dobrnas  ridges, 
these  very  subdued  forms  Justify  an  estimate  that  100  to  200  yuiurs  may  have 
passed  since  their  deposition.  Hi3t  of  theso  fans  have  a  deeply  inciuod 
active  channel.  Older  flood  channels  are  very  indistinct  and  tliius  hard 
to  identify  m  tho  field,  although  a  faint  radial  pattern  on  aevrial  photo¬ 
graphs  indicates  their  presence.  Cottonwoods,  willows,  and  birtrihes  growing 
on  canyon  floors  and  parts  of  the  active  channels  on  the  fa  .a  fturthor 
indicate  a  prolonged  absence  of  major  flooding. 


The  canyons  above  these  fans  have  certain  cortmon  morphologic  'charac¬ 
teristics  which  could  furnish  a  guide  to  the  estimation  of  relattdve 
security  from  major  flooding  danger. 


*•  boc^tion^of^carivons 


On  the  west  side  of  the  White  Mountains  all  of  the  canyuins  between 
Sacramento  Canyon  and  Silver  Caryon  in  the  southern  third  of  thm  manga, 
and  Queen  Canyon  in  the  n:rih,  la:k  evidence  of  serious  flaoclijTjg  within 
the  last  century* 


On  the  fast.  3ide  of  the  range,  all  of  the  larger  drainages  -  with  the 
exception  cf  Leidy  and  Indian  Creek?,  are  ala;  of  thi3  type.  ’Chins  in¬ 
cludes  the  drainage  systems  between  MiAfee  Creak  in  the  south  amd  Trail 
Canyon  in  the  north,  Inclusively.  South  of  McAfee  Creek  the  dtaisnages 
are  small  and  short,  and  they  were  n;'.  studied  during  the  contract  period. 


b .  Co.-.mon  mornholsgio  cherarteriatlca 


(1)  Profile^^^t.r^rJc^anvcn 


All  of  the  drainage  systtm*  with  extremely  subdued!  forma  of 
former  debris  flows  ~n  tr.eir  fa. is  are  characterized  by  a  Middle  (Creek  type 
profile  in  their  trunk  canyons  (see  Fig..  3b);  that  is,  they  hawe  relatively 
steep  gradients  in  their  upper  branches  and  trunk  canyon,  but  tJhe  gradient 
of  the  lower  main  canyon  is  comparatively  gentle.  Those  canyonis  whieh  seem 
to  have  been  free  of  ma.ier  fiords  for  a  century  or  more  have  a.  relatively 
long  section  of  gentle  gradient,  measuring  1  to  3  miles  in  length  and  cor¬ 
responding  to  between  cne-fcunh  and  one  half  of  their  over-alb  length. 
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Ib*i  inwt.t*in,t  »f  iitwiM**  tanar  imwUoim  u  among  Mm  fiiaatliir  of  till*  Middle 
Criwik  t|f«» f  Mounting  to  batwtan  200  and  400  l««t  par  mil*,  The  nffwt 

Of  A  lltiniil,*  lyowtr  oongpon  Motion  upon  *  major  d«bri*  . . .  tw  illttitratad 

bjr  tha  1:9  52  flood  in  Laidy  Grmk,  The  narked  doeroMo  in  canyon  gradient 
CAUifd  a  doorooM  in  velocity  and  loos  of  momentum  of  th*  do  tola  flow  and 
prevented  it  from  »*», oiling  the  Apex  of  t.h«  fan. 

( 2)  Width  of  lower  trnnfc  cawtw 

Trunk  canyon*  of  th*  drainages  lucking  evidence  of  flooding 
within  thn  la At  100  to  200  year*  art  relatively  broad.  At  the  canyon 

mouth  they  att . tin  a  width  of  about  200  to  JOO  feet.  tome  maintain  this 

width  for  moat  of  tha  length  of  tha  section  of  gentle  gradient  (Pig.  42), 
a, 1, though  most  ahow  a.  gradual  tapering,  to  about  50  to  100  fast  at  the  upper 
and  of  this  section.  Bedrock  narrows  are  absent  In  all  east-side  canyons 
of  this  type  but  occur  in  Silver  and  Cold  water  Canyons  on  the  west  aide  of 
the  range . 

(3)  Alluviated  trunk1  canyons 


All  of  the  canyons  of  this  type  not  only  are  relatively  broad 
in  their  lower  portions,  but  they  are  also  comparatively  deeply  alluviated. 
In  moat  canyons ,  bedrock  is  nowhere  exposed  on  their  floors.  In  Silver  and 
Coldwater  Canyons  it  appears  only  for  a  short  stretch  in  the  above-mentioned 
narrows.  Stream  banks  show  a  depth  of  alluviation  of  10  to  20  feet.  Down¬ 
ward  projection  of  the  canyon  walls  suggests  a  possible  depth  of  50  to  100 
feet  in  some  of  the  canyons  (Fig.  43b) 


A  . . elatlvely  luxurious  growth  of  trees  and  shrubs,  notably  willows, 

birches,  and  cottonwoods,  further  attests  to  a  considerable  depth  of  allu¬ 
viation  in  some  of  the  drainages. 


In  none  of  these  canyons  were  the  very  subdued  forms  of  former  debris 
flows  seen,  an  indication  that  even  their  lower  sectors  have  not  been  sub¬ 
ject  to  major  floods  for  a  long  time. 

i 4 )  Gently  sloping,  smooth  alluvial  fans 

There  is  a  general  correlation  be  twee.,  the  slope  of  alluvial 
fans  and  the  gradient  of  the  adjoining  canyon  sections  in  White  Mountain 
drainage  systems  The  alluvial  fans  fronting  canyons  which  seem  to  have 
escaped  serious  floods  for  over  a  century  are  therefore  the  most  gently 
sloping  fans  in  the  area.  Their  slope  amounts  to  only  150  to  200  feet  per 
mile,  or  about  2  degrees ,  in  opposition  to  slopes  of  fans  of  such  drainages 
as  Milner  Creek  or  Cottonwood  Canyon  which  reach  inclinations  of  7  or  8 
degrees . 
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. .  . tililllllllllllliwi 

(1)  . . . . . . . . . . . . tin . . . 

IDiPiitiiiip*  which  ham  not  flooded  for  over  •  century  ation#  no 

'«*•! . relation . with  the  type  of  bedrock  into  which  they  m . .  out.  . . . 

. . .  from  Silver  to  Swim . ament©  Canyons  In  tho  southern  port  of  thin 

MMtora  iiiiti!*  of  tho  mmunUla*  era  cut  dmainoatly  or . sralmlvely  in  mote . 

. . .  . . wd  . . . . . . .  . . idroefc.  Quran  and  Trail  Canyons,  at  lh«  north" 

*w>  oku!  of  tho  ring#,  11*  in  granitic,  iratamorphic,  and  volcanic  terrain . 

Tho  •lift" . O' Id*  drainages  botwesn  Kiddle  Orrak  owl,  Davis  Crrak  travtro* 

granitic  and  met  amorphic  rock*,  in  which  th*  foraar  dominates  areally. 

Lithologic  character  of  th*  Aral  nag*  basins  thus  apparently  has 
littl*  to" do  with  their  flooding  jiropmtmitira . 

(2)  differences 

It  lo  probable  that  depth  of  precipitation,  including  arm . 

fall.  Is  greater  In  the  highest  part  of  the  range  and  that  thunderstorms 

. . .  . .  frequent  and  more  severe  in  that  section.  Drainage  systems  head . 

ing  in  the  highest  part  of  the  White  Mountains  thus  should  be  mot . .  . . an* 

"to  flooding.  Yet  the  canyons  in  which  no  major  floods  occurred  within  a 

century  or . two  head  at  all,  elevations  of  the  range,  In  its  highest  can . 

trill  » actor  a#  well  as  in  th#  lower  southern  and  northern  parts.  Apparent 

. . . . . nee  In  ^  thunderstorm  frequency  and  intensity  thus  does  not  . . .  to 

have  had  any  influence  on  flood  occurrni.ee  in  these  drainages, 


Minor  o 
of  lesser  inr 
flooding  fro* 


imatic  differences  among  drainage  systems  thus  appear  to  be 
ortance  than  their  morphologic  characteristics  in  determining 
uencles „ 


PART  III 


CCNCLUSICKS 


Relative  flooding  nrobabl  1  tfcj 


The  relative  flooding  probability  of  any  desert  stream  system  de¬ 
pends  upon  two  factors;  (l)  the  morphologic  characteristics  of  the 
rainage  basin  and  its  fan;  ar.d  (2)  the  climatic  characteristics  of  the 
area  in  which  the  drainage  is  located.  .  .  .. 


detain' characteristics  of  a  drainage  basin  can  readily  be 
flel.d  and/°r  «P  3tudy>-  The  determination  of  climatic 
2  ?  f5  ffv7  °n  availabI*  “•attwr  records  which  are  often 

quite  u. .satisfactory,  either  because  weather  stations  are  too  few  and/or 

a?e  avail Ih?  *5®  'T*  consideration  or  because  climatic  records7 
are  available  for  too  short  a  time. 


Ib  I*  therefore  believed,  that  the  most  productive  approach  to  a 

coisiSrofi0n  fh;  ffloldins  fotential  of  a  Siven  drainage  system  should 
consist  of  a  careful  study  and  evaluation  of  the  physiographic  features 
of  the  drainage  basin;  that  is,  the  morphology  of  its  canyon  and  fan. 


a*  Characteristics  of  canvon  morpholoa 
(1)  Location 


Although  the  available  evidence  is  not  conclusive,  it  is 
generally  .~je  that  canyons  heading  in  the  highest  part  of  the  White 

S  ’r0rf  ,lr*dicabion3  of  flooding  than  do  canyons  which 

inrlj V  c res lal  sections.  Host  major  floods  of  the  last  decade  oc- 

in  Tth<f  Viclnity  of  fountain  Peak.  Spark¬ 

plug  Canyon,  located  between  Lone  Tree  Creek  and  Milner  Creek,  well  illus- 

?le*a\ioa  °f  the  Valley  hjflad-  Although  situated 
3  5S  ^  P*Ca:<*.^headS  2  :ttlles  t0  west  of  it  ar.d  about 

^;,bf°"the  CTC>S,\’  ftaile  its  r-eIShbors  suffered  severe  floods  in 
,?,2’  Canvrin  did  not  flood  to  any  extent.  The  valley  ranchers 

ard  ean-^Hirt  unduly1high  discharge,  and  an  investigation  of  its  fan 
and  canyon  did  not  reveal  any  signs  of  very  recent  debris  flows. 


highest  ;!!?*« J°SCal  to  “”s!at8  lreater  noadif«  frequency  with  the 
efSet^  LtH<?  It*  fe«.iuse  it  is  just  there  that  the  orograchic 
effect  °  the  range  on  thunderstorm  intensity  should  be  greatest.  This 
relation  -as  been  not ace d  by  long-time  valley  residents  of  the  area  who 
assert  teat  t..e  White  Mountain  Peak  sector  of  the  range  has  experienced 
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more  severe  thunderstorms  within  their  memories  than  any  other  lower 
parts  of  the  crest.  It  was  not  possible  to  confirm  this  assertion  through 
measurements  during  the  few,  mild  thunderstorms  which  occurred  while  the  • 
Assistant  was  in  the  field,  but  the  premise  is  probably  valid. 

It  i3  thus  very  likely  that  location  of  the  headwater  area  of  a 
stream  system  in  the  higher  part  of  the  range  is  an  important  factor  con¬ 
tributing  to  the  possibility  of  flooding. 

(2)  Long  profile 

The  shape  of  the  long  profile  of  a  given  stream  system  is 
Judged  to  be  one  of  the  most  important  morphologic  factors  affecting 
flooding. 

Canyons  with  the  Falls  Creek  type  of  profile  (see  Fig.  3a),  which 
are  exceedingly  steep  for  their  entire  length,  appear  to  be  much  mare 
likely  to  suffer  aerious  floods,  including  debris  flows,  than  canyons  with 
the  Middle  Creak  type  of  profile  (see  Fig.  ib),  in  which  only  the  upper 
half  or  third  of  tho  trunk  canyon  is  extremely  steep.  As  noted,  all  of 
the  canyons  which  appear  not  to  have  flooded  severely  in  a  century  or  more 
are  of  the  Middle  Creek  type.  In  Lelcy  Creek,  which  has  the  same  profile, 
the  long,  relatively  gentle  lower  sector  effectively  brought  to  a.  halt  the 
debris  flow  of  1952  before  it  reachedthe  fan  apex.. 

The  effect  of  the  Falls  Creek  type  of  profile  upon  flooding  is  well 
illustrated  by  Milner  and  Lone  Tree  Creeks  and  Cottonwood  Canyon,  which 
flooded  severely  in  1952  and  again  less  seriously  in  1956. 

The  relation,  then,  is  relatively  simple;  steep  canyons  are  mare 
apt  to  produce  serious  floods,  including  debris  flows,  that  advance  far 
out  upon  the  fans,  than  are  canyons  with  gently  sloping  lower  sections. 

!  (3)  Width  of  canyon  and  depth  of  alluviation 

White  Mountain  drainage  systems  are  characterized  by  trunk 
canyons  both  wide  and  narrow  in  cross  section.  In  general,  wide  canyon 
•  floors  are  associated  with  canyon  profiles  of  the  Middle  Creek  type.  The 

lower  sectors  of  these  canyons  thus  have  both  a  gentle  gradient  and  a 
broad  floor,  and  the  ameliorating  effect  on  flooding  is  narked.  The  Leidy 
Creek  flood  of  1952  and  the  Indian  Creek  flood  of  1955  clearly  illustrate 
the  effec’  f  these  two  factors.  The  detirls  flows  descending  from  the 
headwater  areas  did  not  only  suffer  a  loss  of  momentum  brought  about  by 
the  more  gentle  gradient  of  the  lower  canyons  but  were  also  induced  te 
spread  on  the  broad  floors  of  tho  canyons  and  thus  experienced  a  further 
loss  of  potential  energy  which  brought  them  to  a  halt  3ome  distance  above 
the  canyon  mouths  so  that  only  high  water  reached  fan  surfaces. 
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In  contrast,  the  canyons  with  the  Palls  Creek  type  of  profile  are 
not  only  steep  but  their  floors  are  at  the  same  time  narrow.  They  thus 
assamo  the  shape  of  flmr.es  in  which  runoff  and  debria  flows  can  acquire 
creat  velocity  (aeo  Figure  4 3a).  Debris  flows  from  ouch  canyons  are 
thus  able  to  advance  far  down  the  associated- fan  surfaces,  The- 1952 
floods  in  the  west-side  canyons  illustrate  this  combined  effect  of  steep¬ 
ness  and  narrowness  of  the  canyons  upon  debris  flows.  . 

There  is  a  general  correlation  between  width  of  canyon  floor  and 
amount  of  debria  preaent  thereon  in  White  Mountain  drainages.  The  floors 
of  narrow  canyons  often  exhibit  bedrock  over  most  of  their  length,  and 
deoris  occurs  mainly  In  separate,  relatively  shallow  patches.  The  wider 
canyons  are  usually  continuously  and  often  deeply  alluviated,  and  some 
even  hr-e  well-defined  pairs  of  matched  alluvial  terraces  near  their 
mouths.  The  mild  snowmelt  flooding  of  June  1957  showed  that  discharge 
from  alluviated  trunk  canyons  was  rather  steady  despite  the  daily  varia- 
tion  in  r.eltin^*  The  alluvium  thus  acted  as  a  temporary  reservoir* 

Deep  aHuviua  apparently  serves  as  a  sponge  and  hence  has  the  capacity 
to  absorb  considerable  amounts  of  precipitation  or  snowmelt,  thereby  re¬ 
ducing  flood  danger.  * 

lack  of  debris  on  trunk  canyon  floors,  on  the  other  hand,  permit* 
rapid  runoff  of  water  originating  through  snowmelt.  cloudbursts,  or 
prolonged  frontal  rains.  ’ 

( U )  Tvpe  of  bedrock 

,  Th®  effect  of  the  tyP3  °f  bedrock  in  tho  drainage  basin 
w  H*  fre2uenc^,and  behavior  appears  to  bo  quite  limited.  Canyons 
which  have  not  been  flooded  for  a  hundred  years  or  more  show  no  relation 
to  bfdrock.  The  1918  floods  ir.  Sables  and  Straight  Canyons  produced 
identical  effects  in  both  canyons  although  they  differ  greatly  in  lith¬ 
ologic  character.  However,  bedrock  exposures  in  a  drainagu  basin  do  de¬ 
termine  the  size  of  the  debris  released  by  weathering  to  be  incorporated 
into  a  flood  or  debris  flow.  Granitic  terrain  yields  large  blocks  of 
roc^,  some  of  which  are  coherent  enough  to  maintain  their  size  and  shape 
during  transportation  to  the  fans  (see  Fig.  6).  Hetamorphic  and  sedi¬ 
mentary  outcrops  in  the  study  area,  in  contrast,  weather  to  relatively 
small-3ized  pieces  of  rock.  ' 

b.  Characteristics  of  fan  morphology 

If  a  flood,  either  in  the  form  of  a  debris  flow  or  a'  high  water 
crest,  reac  .es  the  mouth  of  a  canyon,  the  morphologic  features  of  the  faun 

it‘maydbeemine  ^  ifc  ***  foll"w  and  potentially  how  dangerous 
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(l)  Slope- 


Fans  around  the  White  Mountains  can  be  classified  as  (l) 
steep,  with  slopes  of  3  to  12  degrees  (750  to  1,000  feet  per  mile):  (2) 
moderate  with  slopes  of  5  to  3  degrees  (450  to  750  feet  per  mile)!  and 
(3)  gentle,  with  slopes  of  2  to  5  degrees  (150  to  450  foot  per  mile). 


Obviously,  the  steepness  of  a  fan  surface  affects  the  momentum  of  * 
moving  mass  of  debris  or  water,  and  it  Is  to  be  expected  that  debris 
flows  on  steep  and  moderate  fans  will  tend  to  move  faster  and  farther 
down  their  surfaces  than  on  gentle  fan  slopes.  Also,  the  velocity  of 
high  water  in  channels  will  be  greater  on  the  steeper  fans,  and  the  po¬ 
tential  erosive  energy  thus  will  be  much  greater.  ^ 


Since  the  slope  of  a  fan  is  in  direct  relation  to  the  slepe  of  tho 
lower  end  of  the  associated  canyon,  it  is  quite  apparent  that  steep  fan 
characteristic  of  canyons  with  the  Falls  Creek  type  of  profile 
w  a?d  Santl<r  fan  are  associated  with  canyons  hay- 

1 1\ Cpf‘ eV Pr°me.  The  slope  of  a  fan  is  thus  an  eas- 
^n«SbliS6J  T  indicator  of  the  probability  and  expectable  severity 
of  floods  which  issue  from  the  associated  canyon.  * 


(2)  Channel  pattern 


Th®  f,h?nne}  pattern  of  tho  typical  White  Mountain  fan  is 
adijl  (s«a  Figure  41),  with  a  well-defined  active  channel  and  less  dia- 
f°-™r  fXood  channels  diverging  from  the  apex.  Former  debris  flows 
and  high  water  crests  on  west-side  fans  have  tended  to  stay  in  the  active 
channel  for  one-third  or  two-thirds  of  their  courses  across  the  fans. 

Where  a  shallowing  of  the  channel  caused  debris  and  water  to  spill  out. 

!!?"  u°u  lluid  material  t0  follow  °ns  or  more  of  tho 

cssr^ras*  ewir an,i  ,u“*"di',g  hish  mtar  «w*  *«•■• 


(3)  Marginal  channels 


a  Wev  f.  u,,  i  Channeis  or.  the  lower  periphery  of  White  Mountain  fans  are 
a  key  to  the  location  of  that  part  of  the  fan  most  subject  to  recent 
flooding.  Although  they  are  found  on  all  parts  of  the  perimeter,  they 
tend  to  be  most  numerous  and  have  the  freshest  appearance  in  that  part  of 
the  £n  rr  ??  ^  lateSfc  fl00dlnK  has  occurred.  This  sector  of 

rhnS^  A  >ll]7ta  Strip  or  wedse  of  tei,rain  flanking  the  present  active 
channel  and  attaining  a  greatest  width  of  1  to  2  miles.  Unless  a  recent 

t wet«C!rn?w  has  ,°“urred  noar  the  aP°*  ol  the  fan,  this  zone  will  con- 

,,,rt  °t  th* fan  poriph”r),  fron  tha  a‘i'nd- 
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of  -frct’jva  channel 

w  nIAfo  ^ciXohann",1'  f1  ^  “M  br™  ito  »oSt  S™E«o« 

h ;S"  w- 

iftx- 

capacity  of  confined  flew  ir«”trcnctad“hsSr?fliS[d«M19M)''Jild  on 

S  5S  iLaa^d'SloSr 

Course  chances-  on  upper  fan  surfaces  may  occur  if  the  deoth  of  th* 

5hlr^%*^ 

dS?iJfdeb-i3^1oSrUritri-ar£er-n°CM  beCa"°  3tranded  on  channel  floors 

Mulder*,  than  on  fans  constructed  of  the  smaller 

is  a  supre'tion  of  thi?  ^“‘°r?hl°  and  scdiri!{‘ntary  bedrock  areas.  There 
,  ,T^  — lon  ox  tnir*  effect  on  the  steeper,  rourher  pranU-ie  r™. 

fJ”S  ==rthcm  thi.ai  of  the  vest  fl^of'th”  ffi  dEjm^Ser. 

J55,*ffi  “S"  °.C  r  '““fr  Cficntcd  debris  rldpoa  and  former  chJnnSr 
indicates  rather  frequent  course  chanr.es  (see  Fig.  39).  "*  5 

J£  rJ'fth  °S  fch°  active  channel  thus  will  indicate  if  dobris  flows 

tbc  s&s-s  ^^r^‘54S3?sir,«  ^  «*  -«» 

C.  Clin:*  tie  f  sc ?  n ir* 

Preclp.t.-tion  intensity  .and  amount 

as* 

become  a  flocd-producinp  rain  is  difficult.  As  st.-ted  in  Part  Jt  acci- 

caao  a  fall  of  over  8  inches  '  ™  ° 

It  has  sometimes  been  contended  that  light  to  moderate  rains  nr. 

SSffir&Ftt  s. 

?Ss  totMT^  he  achieved  In  the  White  Mountains.  Several  moderate 
e  ^WCen  ane"h?JLf  ««»  one  inch  in  1  to  3  hours  w-ro  ob- 
d  and  ■'*asUred  in  the  Wiite  Mountains  -luring  the  contract  ' 
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floods  occur.  ^  particularly  July  and  August,  when  cloudburst 


the  pant  have  l«,„  tfne.  in  1°' 
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(3) 


periodicity  of  flooding 


ffaffrt&i ~  1/B 

o^J^la^l^nT^rT  **  *""«*«*  by  SS 

ern  California  ProbaMv^  re^on3  southwestern  Nevada  and  southeast- 
during  whiSSncrwsed  th“  ,r°C°rd  °f  the  la3t  decad« 

no.,!  t„ . h rsffi.rs,&hs£ra  re, 

remain  eyewitnesses  who  can  attest  to  the  seS^ritv  of  the  n-1  °  4?° 

“  ""Ptol'Sl=  "U-“  -»P.  ’**«  their  coniSuLf 
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(5)  Flood  seasons 
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this  period  in  the  '.hite  Mountains  indicates  n  flooding  possibility  of  as 
many  as  12  to  15  floods  per  decade,  of  which  five  nay  be  of  major  propor¬ 
tions. 


Flooding  frequency  within  individual  drainage  bar  Iris  is  much  more 
difficult  to  estimate.  It  depends  primarily  upon  the- profile- type  of 
drainage  in  question. 


Severe  flooding  in  drainage  systems  with  Falls  Creek  type  profiles 
rr.ay  occur  as  often  as  twice  in  a  decade,  as  indicated  by  the  flooding  his- 
tories  cf  Kilner  and  Lone  Tree  Creeks  and  Cottonwood  Canyon.  However, 
norchologic  evidence  on  fans  of  other  canyons  with  the-  same  profile  type, 
that  is  the  ten  west-side  canyons  between  Willow  Creese  and  Morris  Creek, 
inclusively,  indicates  less  frequent  flooding.  The  state  of  preservation 
of  deposits  of  f . .-cer  debris- flows  suggests  that  these  fan3  have  not  suf¬ 
fered  a  serious  flood  for  at  least  50  years. 


The  frequency  of  severe  flooding  in  canyons  with  the  Middle  Creek 
profile  type  is  lower,  but  also  seems  subject  to  great,  variations.  In 
Sabie3  and  Straight  Canyons  the  last  serious  floods  occurred  40  years  ago, 
that  Is,  in  1913.  In  Letdy  Creek  and  Indian  Creek  the  .state  of  preserva¬ 
tion  of  decosits  underlying-  the  most  recent  debris  flaws,  of  1952  and  1955, 
resreotively,  indicates  an  interval  of  50  to  100  years  since  the  preceding 
serious  floods.  For  the  majority  of  the  canyons  of  tbe  Middle  Creek  type 
it  has  been  established  that  they  have  not  suffered  major  floodlnr  for  a- 
bout  100  to  200  years. 


The  great  variations  in  frequency  of  severe  flooding  even  among 
drainages  with  the  same  profile  type  reflect  the  influence  of  other  fac¬ 
tors,  such  as  location  relative  to  the  highest  part  of  the  range  and 
char.ee  localization  of  extremely  concentrated  thunderstorm  rain. 


^ Minor  flooding,  particularly  of  the  snowmelt  variety,  is  of  much 
greater  frequency  in  all  of  the  stream  systems,  regardless  of  profile  type. 
The  occurrence  of  reported  minor  Tloods  ir.  the  last  thrae  decades  has  been 
rather  frequent  (see  Figures  12  and  13),  and  it  is  possible  that  one  small 
flood  any  occur  every  year  in  those  drainages  heading  in  that  part  of  the 
ran  ;e  which  receives  the  heaviest  snowfall. 


Sanger  of  debris  flows 


The  potentially  most  damaging  floods  ire  associated  with  debris 
flows,  such  as  occurred  in  the  west-side  drainages,  Milner  Creek,  Lone 
Tree  Creek,  and  Cottonwood  Canyon,  in  1952.  Former  dereis  flows  have  left 
unmistakable  morphologic  evidence  on  alluvial  fans  and  in  canyons  around 
the  ar.ite  Mountains.  The  amount  and  state  of  presonnc.ion  of  the  deposits 
furnish  a  guide  for  an  estim-Mon  of  the  probability  of  future  occurrence 
of  debris  or  mud  flows. 
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The  evidence  of  former  debris  flows  'is  most  cannon  and  clearest  on 
fans  of  drainage  basins  vhYh  have  certain  canon  morphologic  character¬ 
istics,  which  seem  to  have  induced  the  development  of  debris  flows  when 
heavy  rains  have  fallen.  These  characteristics  relate  to:  (l)  canyon 
profile;  (2)  amount  of  debris  on  floor  of  trunk  canyon;  and  (3)  width  of 
lower  trunk  canyon  and  routh. 

a.  Effect  of  canvon  profile 

The  afreet  of  canyon  profile  on  the  development  and  course  of 
a  major  debris  flow  has  been  evaluated  in  a  comparison  of  the  July  1952 
floods  in  Leidy  Creek  ar.d  in  the  three  west-side  drainages*. 

Alluvial  fans  of  drainage  basins  with  the  Falls  Creek  profile  type 
In  their  trunk  canyons  are  in  danger  of  suffering  seriou3  debris  flows  at 
least  in  their  upper  sectors.  The  exceedingly  steep  gradient  of  the  floor 
of  canyons  of  this  profile  type  penults  a  debris  flow  to  maintain  its  ve¬ 
locity  and  momentum  to  the  canyon  mouth  and  beyond,  and  serious  damage  may 
thus  be  brought  about  on  the  fan  surface. 

On  the  other  hand,  in  canyons  w<th  the  Kiddle  Creek  profile  type, 
debris  flows  nay  come  to  an  end  in  the  gentler,  lower  section,  where  a 
loss  in  velocity  and  momentum  occurs  as  the  fluid  material  encounters  the 
lesser  gradient  of  the  lower  canyon  floor. 

Sene  of  the  White  Mountain  drainages  which  appear  not  to  have  flooded 
seriously  for  at  least  a  century,  notably  Silver  Canyon  In  the  southern 
part  of  the  western  flar.k  of  the  range,  have  exceedingly  gentle  canyons 
with  broad,  smooth  floors  even  several  miles  within  the  mountains  (see 
Fig.  12).  It  is  obvious  that  a  debris  flow  generated  in  the  short  upper 
section  of  the  trunk  canyon  of  such  a  drainage  would  bo  relatively  small. 
On  reaching  the  valley  floor,  the  low  gradient  of  the  latter  would  quickly 
rob  it  of  velocity  and  momentum  ami  force  it  to  spread,  causing  it  to  atop 
a  considerable  distance  above  the  canyon  mouth. 

b.  Effect  of  debris  on  floor  of  trunk  canvon 

Very  obviously  the  material  involved  in  a  large  debris  flow  must 
have  a  source  area.  Evidence  free  the  1952  floods  in  Milner  Creek,  Lone 
Tree  Creek,  and  Cottonwood  Canyon  on  the  west  side  of  the  range,  and  from 
Leidy  Creek  on  the  oast  flank,  indicated  that  most  of  the  material  in 
these  flows  came  from  the  floor  of  tho  trunk  canyons.  In  contrast,  the 
1956  floods  in  the  same  west-side  canyons,  although  probably  of  similar 
intensity,  did  not  result  in  debris  flows,  as  the  canyons  had  been  cleared 
of  alluvium  by  the  preceding  floods.  Consequently,  the  degree  of  alluvia¬ 
tion  of  the  trunk  canyon  becomes  of  importance  in  a  determination  of  the 
probability  of  the  occurrence  of  a  large  debris  flow. 
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debris  flow^e;  ^^llttleo* 'n>  °f  alluvi’1tla«  for 

deeply  alluviated  canyon  floor,  Uo  canyon  floor;  (3)  too 

mum  amount  J*?1  d#pt*J  bh.»  3°-oailed  0ptl- 

Roate.!  by  the  evidence  frm  *k»  y  *  ! -'-ur4  of  5  to  15  feet  is  sug- 

Hated  material  on  the  fk-o-'o'  a  fteeo  :7*'Sa'  T^3  *»«>»»*  of  unconsof- 
reault  in  the  development  -e  a'd-bri^  s}oUllJte  canyon  should 

He  fan  if  a  suffiKly  £** fa£.  nml  on 

«  r.uth1.“c“vj„,?h.f5s.ii.ifss  ?f,u? ‘™* 

hi/’h  water  will  flow  out  o'  the  canven  ■wv»"'’’""**\yn  iuly  ^56,  Primarily 
rains.  High  water  flows  after  -Keaaiv^™-<°t? hf«  f&"  foll°vfing  heavy 
until  the  canyon  floor  again  fills  UD  with  would  be  expected 

t{*»  *k  Hast  50  to  60  years;  tVs  K  V -!  <  d,bri5J  ™3  P™  «»  my 
condition  of  the  floors  of  sibi«  and  St™-** **  3U^este?  b*  the  present 
sumably  flushed  out  by  the  floods  of  aoia  ,  ^‘‘nlr033»  which  were  pre- 

uous  cover  of  alluvium.  ^18  anJ  today  have  a  nearly  contin- 

°h  thl  rUn0ff  f rora°t h e^s t  e  ep^u ^canyon ^and at ed ,  a  great  part 
absorbed  and  released  gradual  3?!,  f*?*”  *“V  3ijnPV  be 

alleviating  the  possible  dar^-s  .  fljf4'  13  significant  in 

in  lightly  alluviated  steep  cloycr.s  fron  anowra.lt  even 

in  deeply  alluviated  canyons  ofM-itl/c-raH*”1'^  ^  be  eVfn  mora  efficient 
**ct0T  Preventing  serious  floods  'or  a  "  ***  iS  Conaldered  a  major 

White  Mountain  canyons.  4  a  cent,ur7  or  a°re  in  some  of  the 

C’  canyan  and 

Jav,  cob.  n«  jf  «*  «,  HBUBUta, 

Cor.nrlctionf1!™-!^  wj^K,tJ,2j!"!1?p  “  ’’h"  “3t  narrow  canj-on.. 
™«*  ■»»,  with  con2SU?d*^Sf;  !“f;ary  djmln,  «d  ,H»- 

the  temporary  dams  have  give-,  wa-  below  the  narrows  after 

was  repeated  at  short  intervals  d-IrzS  the'll^n’  f”1"6  at  tha  narrows 
-urges  ln  the  debris  floW3>  e-:h  -j!alLSf  f  °°df'  ‘'"“"in*  repeated 
in  thickness  of  the  debris  flow  ani  a  conse^u^  adSJce.  ^  inC“Ca3C 

ions  should  at  time  JffTSd  ^drock  constrict- 

surface  at  a  more  continuous  rate.  r  *nd  h*1*1®  to  He  fan 


of  the  Whit.*  Mountatns,  all  of  which  have  clean  trunk  canyon  floors.  4r>4 
it  ueenis  likely  that  excessive  precipitation  In  any  drainage-basin,  the 
floor  of  which  is  essentially  a  bedrock  channel,  would  result  in  high 
runoff,  possibly  of  flood  dimensions.  It  thus  follows  that  drainages 
which  have  recently  undergone  a  serious  debris  flow  by  which  accumulated 
material  was  swept  out  of  their  main  canyons  should  bo  regarded  as  prob¬ 
able  high  water  flood  producers  in  the  event  of  heavy  rain  in  their 
catchment  areas, 

b.  Snowmelt 

In  the  White  Mountains  and  adjacent  regions,  snowmelt  flooding 
in  the  past  has  been  of  the  high  water  typo.  Copious  snowmelt  can  re¬ 
lease  largo  volumes  of  water  during  the  period  of  an  afternoon's  high 
temperatures,  but  the  amount  thus  delivered  each  day  to  the  floor  of  the 
trunk  capyon  is  limited  and  is  delivered  gradually.  Although  higher  than 
normal,  snowmelt  runoff  has  not  been  sufficiently  large  to  initiate  sub¬ 
stantial  debris  movement.  It  has  been  primarily  in  lowland  areas  that 
the  united  runoff  of  a  number  of  individual  mountain  drainage  srstems  has 
been  great  enough  to  cause  damage  or  interfere  with  communications. 

Snowmelt  runoff  in  Milner  Creek  in  June  1957  did  move  debr'a  out  of 
the  mountains  and  onto  the  fan,  but  the  amount  was  limited. 

c.  Wintertime  rains 

Wintertime  rains  on  a  snow  cover  have  occasionally  produced 
high  water  flooding  in  the  White  Mountains  area.  The  most  recent  occur¬ 
rence  was  in  December  1955,  when  rains  totally  *0  inches  in  two  days  at 
Denton  Station  (Reichert,  F.,  Personal  Communication,  1957)  resulted  in 
the  flow  of  much  water  and  fine  debris  across  nearby  valley- floor  high¬ 
ways,  The  estimated  total  seems  rather  high,  but  in  any  event  a  lot~of 
rain  must  have  fallen  over  an  extended  period,  and  considerable  overland 
flow  took  place. 

Prolonged  frontal  rains  during  the  winter  months  may  drop  several 
inches  of  water  on  a  snow  cover  which  the  latter  is  able  to  retain  (Foster, 
1948),  Further  rains‘»or  sudden  warm  spells  ray  bring  the  mixture  to  a 
state  at  which  quick  melting  takes  place,  causing  a  sudden  release  of  the 
accumulated  precipitation.  Usually  Hoods  resulting  from  this  combination 
of  meteorologic  conditions  have  been  restricted  to  lowland  areas,  such  as 
the  floor  of  Upper  Owens  Valley,  Owens  Valley  proper,  and  floors  of  adja- 
cent  closed  desert  basins,  in  which  temporary  playa  lakes  have  been  formed. 
Little  debris  movement  within  the  mountain  canyons  and  on  the  fans  has 
been  noted  in  flooding  of  this  sort,  and  morphologic  effects  hsv-»  been 
negligible. 

d.  Effect  of  rains  on  fans 

The  effect  of  a  heavy  rain  on  an  alluvial  fan  i3  determined  pri¬ 
marily  by  the  channel  pattern  thereon.  White  Mountain  fans  have  a  radial 
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ei-annel  pattern,  and  any  surface  runoff  that  cay  result  from  a  heavy  rain 
la  quickly  dispersed  and  prevented  from  uniting  into  a  single*  large  flow 
by  the  diverging  channels. 


Fans  with  dendritic  channel  patterns  are  absent  in  the  study  area 
but  are  found  in  other  parts  of  ths  Great  Basin  desert  region,  notably  in 
and  around  Death  Valley,  Heavy  rains  on  Death  Valley  fans  have  produced 
significant  high  water  flooding  on  their  margins,  as  surface  flow  in  smal¬ 
ler  channels  has  been  united  near  fan  perimeters  into  relatively  largs 
channels  (Hunt,  C.B.,  Personal  Communication,  1957). 


Heavy  rain3  on  fans  aro  conparatlvely  rare,  of  course,  both  in  the 
study  area  and  elsewhere,  but  the  possibility  definitely  exists  that  dan¬ 
gerous  high  water  flow  can  develop  on  fans  with  dendritic  rather  than 
radial  channel  patterns. 


4.  Evaluation  of  safe  sites 


Any  evaluation  of  the  safety  of  a  given  site  on  a  fan  or  in  a  canyon 
must  be  relative  only.  Morphologic  features  vary  from  drainage  basin  to 
drainage  basin,  and  no  two  flood-producing  storms  are  alike.  Nevertheless, 
some  general  principles  of  site  safety  can  be  established,. 


a.  Narrow  canyonr 


Olviously  the  utilization  of  narrow  canyons  must  be  limited. 
Roads  on  or  near  their  floors,  and  intakes  for  water  supply  01  hydro- 
electric  power  pipelines,  are  about  the  only  installations  that  can  be 
made.  Although  construction  nay  be  easier  on  the  canyon  floor  itself,  ai\y 
important,  permanent  roads  should  be  located  at  least  20  to  A 0  feet  above 
the  floor  of  the  canyon  in  order  to  be  free  of  the  danger  of  flooding. 


Any  installation  or  construction  put  on  the  canyon  floor  must  be  con¬ 
sidered  only  temporary,  for  in  a  narrow  canyon  it  is  possible  that  even 
slightly  higher  than  normal  discharge  can  be  destructive,  and  the  loss  of 
canyon-floor  structures  or  roadways  must  be  considered  inevitable  in  time. 


b.  Wide  canyons 


Wide  canyon  floors  offer  somewhat  greater  possibilities  for 
utilization  than  do  narrow  valley  bottoms. 


Most  of  the  drainages  on  the  east  side  of  the  White  Mountains  are 
characterized  by  well-defined,  matching  terraces  of  alluvium  in  their  low¬ 
er  canyons,  standing  15  to  75  feet  above  creek  bottoms  (see  Fig.  23). 

Most  of  the  terraces  are  too  narrow  for  any  other  use  than  road  construct¬ 
ion,  but  3ome  of  them,  particularly  those  in  Leidy  Creek  and  Middle  Creel^ 
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2"  wide-  enough  (up  to  75  to  100  feet)  Tor  more  extensive  Installation*. 
These  terraces  can  be  considered  safe  locations,  since  they  are  out  of 
reach  of  any  conceivable'  flood-  In  the  canyons.  3 

viirtthIIftfuranS  are  n°e;  Present  in  the  wider  canyons,  than  tho  whole 
Width  of  the  floor  must  >be  considered  potentially  dangerous.  Jt  has  been 
ntreased  that  wide  canyons  usually  are  associated  with  Middle  Crook  type 

auf.£he3f  ca"f:,n=  3fom  Ie3a  i^oly  to  exporicnce  sovere  debris 
flowing  or  high  water  f  Loading,  However,  in  the  flood  or  1952  debris 
spread  to  cover  most  of  (the  floor  of  lo.er  Leidy  Creek  Canyon,  other  than 
e  terraces,  and  it  senimn  reasonable  and  prudent  to  assume  that  similar 
spreading  could  take  place  in  other  drainages  with  morphologically  com¬ 
parable  lower  canyons  tJT  .and  when  debris  flows  occur. 

Consequently,  in  tine  nbsencc  of  terraces  in  wide  canyons,  permanent 
roads  «r  other  installations  should  bo  located  above  the  capyon^oor 
proper,  that  is,  at  least,  JO  to  30  feet  up  on  the  walls  of  the  canyon. 

c.  Alluvial  fans 


.  t  upper  lpart  of  ni03t  alluvial  fans  can  be  considered 

moderately  safe  from  the-  dangers  of  serious  flooding,  as  the  active  chan- 
nel  is  generally  incised!.  The  relative  security  increases  if  the  active 
channel  is  deeply  incisedi,,  that  is,  to  15  to  20  feet  or  more.  The  active 
channel  itself,  0f  course,  is  to  be  avoided  and,  if  it  must  be  bridged, 
3inglo  span  construction  Should  bo  used  when  possible. 

If  the  active  channel  is  only  shallowly  entrenched,  that  is,  5  feet 
or  less,  the  possibility  of  course  changes  of  major  debris  flows  cannot  be 
overlooked  Th.  distribution  of  lirj.  toSd/ro  on  SHJpS 

surfaces  of  some  fans  anil:  the  radiating  pattern  of  deposits  of  former  do¬ 
ns  flows  indicate  that  ohannel  changes  have  occurred  in  tho  past  and  are 
ever  a  potential  danger,. 

,  J?r  ™r‘e,  °f  damger,  then,  is  In  the  active  channel  itself  and 

a  narrow  strip  flanking  it  on  either  aide, 

(2)  Middle  third 

.  Hor’t  of  area  of  the  middle  section  of  a  fan  is  rela- 

V  ifre'  ™  danger  of  serious  flooding,  Particularly  is  this  true 
so  long  as  the  active  chancel  remains  moderately  incised,  that  is,  up  to 
10  feet.  Some  spreading  o-.f  debris  flows  may  occur  as  de^th  of  entrench¬ 
ment  decreases,  but  the  general  course  of  most  flows  in  the  White  Moun¬ 
ts3  has  adhered  to  the  active  channel.  Should  course  changes  occur  «3 
this  part  of  a  fan,  much  of  the  initial  momentum  of  a  debris  flow  will 


already  have  been  lest,  and  it  shtruld  therefore  be  novtng  at  •  i«s»r 
velocity  and  thus  have  decreased  potential  destructive  energy. 

Certain  of  the  west-side  fan*  eleng  the  Iffirthlffl  pact  «C  tha  XHtt* 
Mountains,  In  particular  the  four  between  Straight  and’coidvater  Carmm*, 
part5  o{  t^,lr  surfaces  uplifted  by  recent  faulting-  The  up¬ 
lifted  areas  are  for  all  practical  purposes  removed  from  tha  efjTecta  of 
any  conceivable  flood  that  might  occur  on  the  fans  (Tig.  1^),  Parts  of 
ran  surfaces  in  southern  California  have  bean  analogously  isolated  from 
tha  affects  of  flooding  by  daap  chiunnels  excavated  on  their  upalope 
aides,  leaving  them  standing  as  "inn  mesas"  (Eckia,  192?).  or  "islands* 
of  higher  ground  standing  above  the  general  fan  surface. 
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Flooding  danger  Is  ttea  classified  as  slight  in  middle  fan  section*, 
except  for  ths  strip  including  and  flanking  the  active  chanrel, 

(3)  Lever  third 

Delev  the  point  at  which  the  active  channel  shAllews  deci¬ 
sively,  that  Is,  to  leas  thin  5  feet,  the  danger  of  spreading  of  debris 
flows  and  high  water  flood*  is  greatest,  On  moat  White  Hountain  fane  thla 
takes  place  usually  on  the  lover  part  of  thel'r  surface.  The  spreading 
water  establishes  an  extensive  system  of  intermeshing  channels.  Here  and 
there  the  Junction  of  some  of  the  channels  leads  to  local  sheet  flooding, 
especially  on  the  more  gently  sloping  lower  fan  margins.  The  area  subject 
to  such  flooding  extends  laterally  for  a  mils  or  so  on  alther  aide  of  the 
lower  end  of  the  active  channel. 

Flooding  dangor  on  lower  Tan  surfaces  is  hence  classified  a*  moderate. 
It  is  extreme  Just  below  tbs  point  at  which  the  active  channel  becomeo 
shallow  enough  so  that  confinemsnt  of  flowing  water  and  debris  no  longer 
takes  place. 
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Figure  /»5.  Diagrammatic  sketch  map  showing  areas  of  comparative 
flooding  danger  on  a  typical  White  Hountain  alluvial  fan. 
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(6)  Effect  of  dikes 

i*ei  surface  nanJff^^aUwUl^Sr^^*  s^tcm  on  *™rgan- 

with  the  flood  in?  of  U  S’SkhivSt  haa  been  dismissed  In  connection 
in  August  1957.  The  ditd.'^S^6  ^sal1  «*  Coaldale,  Nevada, 

th.  aurf«;  ^ri  !i!f“  ln  *»*<»«•  concentrated 

to  only  a  few,  deeD  atraiev*  m.  ,  *  cir.uoua,,  natural  channels  in¬ 

line  and  velocity  gave  it  the  ability1**  cJiannels»  *”■  w,ilic^  increased  vol- 

the  ditches  and  carrv  it  to°  2  ,  to  "™r  **>*  the  floors  of 

ana  carry  it  to  and  acroso  the  highway  at  .numerous  points. 

ural  channels  frd^cenJratS^ntTstrlf^t  'divarted  **»  nat- 

ditches,  the  inevitably  increased  eraJ™8™’  SE?°thlJ  floored,  man-made. 
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6*  Application  of  study  to  other  are»<i 


Whlte .ire  *  high  desert  rang*  with  very  distinct 
Reologlc,  morphologic,  and  elisntologic  characteristics.  Consequently 

J  r *Efw  dotarained  **  ^ia  Sng^3dbe 

...  y  appl.es. .e  to  other  desert  ranges  only  if  they  are  similar  In 

s< 
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of  a  db«erthstf2;^fcl4dbh>  ^  lepth  °f  allurf^lon  of  the  trunk  canyon 
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dsrct’of  6XiSt3  batween  Steepness  of  fan  slope  and 

a  niTf  rt«2iw  n  *r?!?  th-  abov®  the  fan;  thus,  steep  fans  are 

<..  .,  *  un  ^  *'a'L: *r** -able  indicator  of  the  possibility  of  serious 

loeds,  while  more  *wstle  fans  suggest  a  lower  flooding  hazard. 


d‘,  The  radial  channel  pattern  on  White  Mountain  alluvial  fans  in 

wiiTfoiiow  SS,S  Sits  Zfv^l  5oJsVparttrthrel3  dtringJlood"s 

52.“, S'Ssri"  •«**  *  ^rTJi^  SKSSgS  ?.£, 

*i  h  fans  or.  *...cn  a  ra-tal  pattern  of  channels  is  evident. 
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Th«  first  20  days  of  October  1957  were  considerably  wetter  thi* 
normal,  but  as  a  result  of  the  prolonged  dryness  preceding  this  wet 
spell  the  infiltration  capacity  of  the  mountain  soils  was  so  high  that 
no  discernible  rise  in  stream  discharge  was  noted. 
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The  Assistant  left  the  study  area  on  25  October  195'.',  hut  a  doss 
check  was  kept  on  weather  conditions  in  the  area  during  Nsreaber  and 
December.  No  unusually  severe  storms  occurred  in  these  monies,  and  no 
flooding  of  ai^y  sort  was  reported. 
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